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Abstract
Objective  This systematic review and meta-analysis aimed to evaluate the efficacy and safety of probiotic 
supplementation on cognitive function in individuals over 18 years of age.

Methods  Randomized clinical trials (RCTs) assessing the impact of probiotics on cognitive function were included. 
Searches were conducted across four medical databases from inception to August 2024. The outcomes were 
cognitive function measured by Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), 
Cognition Categorical Fluency Test (CFT), and adverse events. Data were extracted and analyzed using a random-
effects model, with results reported as mean differences (MD) and relative risks (RR) with 95% confidence intervals 
(CI). To evaluate statistical heterogeneity, the I² statistic and the tau squared value (τ²) were used. The risk of bias was 
assessed using the RoB 2.0 tool, and the certainty of evidence was evaluated with GRADE.

Results  A total of 34 RCTs involving 2,390 participants were included in the meta-analysis. Limited evidence 
suggests a possible improvement in cognitive function from probiotics use at 12 weeks (MD 4.23, 95% CI 2.77 to 5.68; 
certainty of evidence (CoE) was low, I² = 0%) for MMSE and cognitive function (MD 1.21; 95% CI 0.06 to 2.36; certainty 
of evidence (CoE) was low; I² = 35%) for MoCA; however, due to the very low certainty found, the evidence is very 
uncertain. On the other hand, probiotic supplementation can improve cognitive performance, as measured by CFT 
(MD 3.94, 95% CI: 3.20 to 4.69, low certainty of evidence; I² = 0%). Probiotics did not reduce the risk of any adverse 
event (RR 0.91, 95% CI 0.65 to 1.27; Certainty of evidence (CoE) was Very Low).

Conclusions  Our study found that probiotics improved cognitive function, especially after 12 weeks of 
supplementation, using the MoCA test. However, although probiotics show potential benefits, the current evidence 
remains highly uncertain, warranting further rigorous trials.
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Introduction
Cognitive impairment is a prevalent condition in the 
general population, particularly among aging individuals 
with a prevalence of up to 41% and an incidence of up to 
76.8 per 1000 person-years [1]. In recent decades, there 
has been a growing interest in understanding the rela-
tionship between gut microbiota and brain health. This 
has led to the emergence of the gut-brain axis as a crucial 
mechanism through which intestinal microorganisms 
may influence central nervous system function [2, 3]. 
Probiotics, widely recognized for their beneficial effects 
on digestive health, have been proposed as a potential 
intervention to modulate cognitive function by influenc-
ing neuroinflammation, neurotransmitter production, 
and gut barrier integrity [4, 5]. Given the increasing prev-
alence of neurodegenerative diseases, identifying non-
invasive strategies to preserve cognitive health is a public 
health priority [6].

Numerous studies have demonstrated that the gut 
microbiota plays a fundamental role in brain circuitry, 
neurophysiological processes, and cognitive function 
[7]. Specifically, probiotics, which contain beneficial live 
microorganisms such as Lactobacillus acidophilus, Lac-
tobacillus casei, Bifidobacterium bifidum, and Lactoba-
cillus fermentum, have been investigated for their role 
in improving or preserving cognitive function [8]. How-
ever, while several systematic reviews have explored this 
potential relationship, many lack standardized method-
ologies to assess the certainty of evidence, limiting the 
robustness of their conclusions. Previous meta-analyses 
have focused primarily on older adults or people with 
Alzheimer’s disease and mild cognitive impairment, and 
their findings remain inconsistent and did not examine 
the effect of probiotics on broader adult populations, 
such as healthy middle-aged people [9, 10]. In addition, 
the difference in cognitive assessment tools, probiotic 
strains, and study designs poses significant limitations to 
interpreting these findings. Furthermore, small sample 
sizes and inconsistencies in probiotic dosages hinder the 
ability to draw definitive conclusions regarding their effi-
cacy and safety. This systematic review addresses these 
key gaps by including the largest number of randomized 
clinical trials to date (n = 34), evaluating both the efficacy 
and safety of probiotics, and applying robust method-
ological tools such as Cochrane RoB 2.0 and the GRADE 
system. Unlike previous meta-analyses that combined 
studies with various cognitive assessment tools, which 
differ in scoring scales, domains assessed, and sensitiv-
ity, our study conducted separate meta-analyses for each 
standardized test (MMSE, MoCA, and CFT) and probi-
otic characteristics (strains and population type), which 
allowed us to reduce heterogeneity and improve the 
comparability of results. Our findings offer a more up-to-
date, rigorous, and reliable synthesis of the evidence on 

the use of probiotics on cognitive function in adults. We 
also recognize that the small sample sizes of many pre-
vious studies and the inconsistency in the doses admin-
istered make it difficult to draw definitive conclusions 
about their efficacy and safety. In addition, the impact 
of probiotics may differ significantly between adults and 
other populations such as children or older adults with 
severe impairment. Therefore, this review focuses specifi-
cally on adults, a group facing an increasing risk of mild 
cognitive impairment and neurodegenerative diseases 
[11], and in whom early intervention with probiotics may 
have a clearer preventive or therapeutic role. These limi-
tations and gaps in literature underscore the need for an 
updated, methodologically rigorous systematic review 
and meta-analysis that standardizes inclusion criteria and 
conducts subgroup analyses to more accurately assess 
both the efficacy and potential risk of probiotics use in 
this population.

This systematic review and meta-analysis aim to syn-
thesize the available evidence on the effects of probi-
otic supplementation on cognitive function in adults, 
assessing both benefits and potential adverse effects. By 
employing rigorous methodological approaches, includ-
ing the GRADE system for evidence certainty and stan-
dardized criteria for inclusion, this study seeks to provide 
a comprehensive and reliable assessment of the clinical 
utility of probiotics in cognitive enhancement.

Methods
This study was a systematic review and meta-analysis 
conducted following PRISMA 2020 guidelines (Supple-
mental Table 1). The protocol was registered in PROS-
PERO (code: CRD42025641154).

Search strategy
A comprehensive search was performed in PubMed, 
Scopus, Web of Science, and EMBASE from inception 
until August 2024. The search strategy incorporated key 
phrases, MeSH terms (PubMed), and Emtree thesauri 
(Scopus, EMBASE), with “Cognitive Function” AND 
“Probiotics” as the primary search terms (Supplementary 
Table 2). No language or publication date restrictions 
were applied. Additionally, reference lists of relevant 
studies and review articles were manually searched. Due 
to the high volume of studies retrieved, gray literature 
was not included.

Eligibility criteria
This study included Phase 2 or 3 randomized controlled 
trials (RCTs) involving participants aged 18 years or 
older, with cognitive impairment or at risk of cognitive 
decline, including those with Alzheimer’s disease or mild 
cognitive impairment. Eligible trials compared probi-
otic supplementation in various formulations (capsules, 
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sachets, liquids) against placebo or active control. Pro-
biotic strains predominantly included Lactobacillus and 
Bifidobacterium species, administered either alone or 
in combination. Exclusion criteria included conference 
abstracts, systematic and narrative reviews, case reports, 
case series, letters to the editor, and clinical trials involv-
ing infants, adolescents, or animals.

Outcomes
The primary outcome was cognitive function, assessed 
using the Mini-Mental State Examination (MMSE) at 
8 and 12 weeks, the Montreal Cognitive Assessment 
(MoCA-J) at 12 weeks, and the Categorical Fluency Test 
(CFT) at 12 weeks. We decided to use these tools because 
they are the most common tools for detecting cognitive 
impairment in multiple studies [12–15]. Results were 
reported as means, standard deviations, or mean differ-
ences. Secondary outcomes included the incidence of 
adverse effects, measured as frequencies and relative risk. 
Quality of life outcome was also originally considered 
as secondary outcome, but none of the included trials 
assessed it. The MMSE is a widely used cognitive screen-
ing tool assessing temporal and spatial orientation, mem-
ory, attention, language, and the ability to follow simple 
instructions. The MoCA is a more sensitive screening 
tool for detecting mild cognitive impairment, covering 
areas such as attention, memory, language, visuospatial 
skills, executive functions, and orientation.

Data extraction
Following previous methodologies [16, 17], search results 
were compiled into a single library, and duplicates were 
removed. Four reviewers (NCG, IMC, LChF, DAG) inde-
pendently screened studies in two phases: [1] title and 
abstract screening using predefined inclusion and exclu-
sion criteria via the Rayyan platform, and [2] full-text 
review of eligible studies with justifications for inclusion/
exclusion. Data extraction was performed in duplicate 
using a structured Excel spreadsheet, capturing study 
details, intervention and control descriptions, and out-
come measures. Discrepancies were resolved through 
discussion with a senior reviewer (JJB).

Risk of bias assessment
Pairs of reviewers (CQV, IMC, PTB, ABP) independently 
assessed the risk of bias for each included RCT using the 
Cochrane Risk of Bias Tool 2 (RoB 2) [18]. Disagreements 
were resolved by discussion with a senior reviewer (JJB). 
Studies were categorized as having a low, some concerns, 
or high risk of bias.

Data synthesis
A random-effects model with the inverse variance 
method was used for meta-analyses. The Paule-Mandel 

method estimated between-study variance (tau²) [19]. 
Relative risks (RR) with 95% confidence intervals (CI) 
were reported for dichotomous outcomes, and the 
Hartung-Knapp method was applied for meta-analyses 
involving more than five studies [20]. Statistical hetero-
geneity was assessed using the I² statistic, categorized as 
low (< 30%), moderate (30–60%), or high (>60%). Sensi-
tivity analyses were conducted using fixed-effects models 
and the Mantel-Haenszel method. Analyses were per-
formed using the metabin function in R 3.5.1 (www.r-
project.org).

For crossover trials, data were extracted exclusively 
from the first treatment period to minimize carryover 
effects. If adequate washout periods and intra-subject 
variability adjustments were reported, paired mean dif-
ferences were used; otherwise, trials were analyzed as 
parallel-group studies following Cochrane Handbook 
recommendations.

Subgroup analyses were planned a priori to explore 
potential sources of heterogeneity. Two subgroup com-
parisons were conducted: by probiotic formulation 
(single - strain vs. multi-strain) and by population type 
(healthy adults, people with mild cognitive impairment, 
and patients with Alzheimer’s disease).

GRADE assessment
The certainty of evidence for all reported outcomes was 
assessed by consensus (JJB, NCG, CQV, HTCh) using the 
Grading of Recommendations, Assessment, Develop-
ment, and Evaluations (GRADE) approach [21]. Factors 
considered included risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias. The certainty of 
evidence was categorized as high, moderate, low, or very 
low, and results were summarized in Summary of Find-
ings (SoF) tables using GRADEpro GDT (Supplemental 
Table 3).

Given the heterogeneity of the included studies, probi-
otic strains and doses were systematically standardized 
for comparability. Strains were classified by genus and 
species (Lactobacillus, Bifidobacterium, and others), with 
subgroup analyses distinguishing strains based on func-
tional mechanisms (e.g., modulation of neuroinflamma-
tion, neurotransmitter production, gut barrier integrity).

Doses were converted to Colony Forming Units (CFU) 
per day for consistency across studies. Various dos-
age formats (sachets, capsules, liquids) were normal-
ized using standardized conversion methods. Dose 
categories (low, medium, high) were established, and 
nonlinear regression models with restricted cubic splines 
were implemented to assess potential dose-response 
relationships.

To further mitigate heterogeneity and improve robust-
ness, sensitivity analyses were conducted, excluding 

http://www.r-project.org
http://www.r-project.org
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studies with extreme dosage variations or unspecified 
probiotic strain combinations.

Results
Selection of studies
We evaluated 2182 studies in the different databases, 
of which 680 were duplicates and were removed. Of 

the remaining 1,502, 1,453 were excluded by title and 
abstract (because they did not report a population or 
outcome based on different eligibility criteria). Finally, 34 
studies were included in the systematic review [22–55] 
(Fig. 1).

Fig. 1  PRISMA 2020 flowchart for selection of studies
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Characteristics of included studies
The studies in this systematic review share several com-
mon characteristics in design, population, and inter-
vention. All the trials were randomized clinical trials 
that aimed to assess the efficacy and safety of probiotic 
supplementation on cognitive function. Most of the 
studies involved participants who were middle-aged or 
older adults, with the average age across the trials being 
approximately 53 years. The number of participants 
enrolled in each trial varied, but on average, the sample 
size was around 70 individuals per study. Gender distri-
bution showed that, on average, 40.6% of the participants 
were male, indicating a balanced representation of both 
genders in most trials (Table 1). Regarding the interven-
tion, probiotic supplementation was administered in 
different forms, including capsules, sachets, or liquids, 
depending on the specific study. The duration of these 
interventions generally ranged from 12 to 24 weeks, with 
most studies implementing daily or twice-daily dosing 
regimens. All studies included a placebo group for com-
parison, that while they may ensure rigorous control of 
potential biases, they may still have methodological limi-
tations. Additionally, the studies reported no significant 
adverse events related to the probiotic treatments (clini-
cally verified), supporting the overall safety profile of the 
interventions; however, given the very low certainty, this 
should be interpreted with caution. These commonalities 
across the studies provide a robust foundation for com-
paring the outcomes and drawing conclusions regarding 
the impact of probiotics on cognitive function (Table 2). 
The excluded studies and their justification are listed in 
Supplementary Table 4.

The studies included in this systematic review ana-
lyzed both single-strain and multi-strain probiotic for-
mulations. The most investigated were Lactobacillus and 
Bifidobacterium. Among the single-strain probiotics, 
Lactobacillus plantarum and Bifidobacterium breve were 
the most frequently studied, particularly in populations 
with mild cognitive impairment or major depression. The 
most frequently used multi-strain formulations included 
Lactobacillus acidophilus, Lactobacillus casei, Bifidobac-
terium bifidum, Bifidobacterium longum, and Lactobacil-
lus plantarum.

These multi-strain interventions were predominantly 
studied in individuals with Alzheimer’s disease, mild 
cognitive impairment, and other cognitive conditions. 
In Alzheimer’s disease, combinations of Lactobacillus 
and Bifidobacterium were the most frequently evaluated, 
whereas in schizophrenia, up to six-strain combinations 
from these genera were used Risk of Bias Assessment.

The risk of bias was evaluated across 34 studies using 
the RoB 2 tool. The assessment revealed that 37% of the 
studies (n = 13) [25, 26, 29, 30, 38, 39, 42, 43, 46–48, 51, 
55] had a low overall risk of bias, 34% (n = 12) [27, 31, 

32, 34, 36, 40, 44, 45, 49, 52–54] exhibited some con-
cerns, and 29% (n = 9) [22–24, 28, 33, 35, 37, 41, 50] were 
classified as having a high risk of bias. In most studies, 
the majority of RoB 2 domains were rated as low risk. 
However, specific concerns were identified in key areas. 
The randomization process and participant recruitment 
presented an unclear risk of bias in 12 out of 34 studies. 
Deviations from intended interventions were observed in 
eight studies, leading to a high risk of bias. Missing out-
come data were a concern in two studies, while measure-
ment of outcomes was unclear in four studies. Selective 
outcome reporting was identified as unclear in seven 
studies (Fig. 2).

Summary of results and certainty of evidence
The evidence regarding probiotic supplementation for 
cognitive function varied depending on the follow-up 
duration and the assessment tool used.

The Mini-Mental State Examination (MMSE) was used 
to evaluate cognitive function at 8 and 12 weeks. At the 
8-week follow-up which included two RCTs [28, 41], 
the effect of probiotics compared to placebo was highly 
uncertain, with a mean difference of −0.02 points (95% 
CI: −0.69 to 0.65) across two RCTs involving 146 partici-
pants. The certainty of the evidence was rated as low (Fig. 
3). At 12 weeks, two RCTs [40, 49] involving 160 partici-
pants showed a potential increase in cognitive function in 
the probiotic group, with a mean difference of 4.23 points 
(95% CI: 2.77 to 5.68), though the certainty of evidence 
remained low (Fig. 4).

The Montreal Cognitive Assessment (MoCA) was eval-
uated at 12 weeks. The results from three RCTs [26, 49, 
54] with 148 participants suggested that probiotics might 
improve cognitive function compared to placebo, with 
a mean difference of 1.21 points (95% CI: 0.06 to 2.36). 
However, the certainty of the evidence was rated as low 
(Fig. 5).

The Categorical Fluency Test (CFT) was assessed at 12 
weeks. Data from one RCTs [40] with 120 participants 
indicated that probiotic supplementation may improve 
cognitive performance, with a mean difference of 3.94 
points (95% CI: 3.20 to 4.69). The certainty of the evi-
dence was rated as low (Fig. 6).

Subgroup analysis showed that single-strain probiotics 
data from one RCTs [40], may improve cognitive func-
tion, with a mean difference of 4.67 points (95% CI: 1.13 
to −8.22), although the evidence was of low certainty. In 
contrast, multi-strain formulation data from four RCTs 
[26, 36, 49, 54] did not show a significant effect (MD: 
1.76; 95% CI: −0.96 to 4.49), and the certainty of the evi-
dence was very low (Supplemental Fig. 1).

In a subgroup analysis by population type, data from 
one RCT [40] on people with Alzheimer’s disease, probi-
otics may improve cognitive function (MD: 4.67; 95% CI: 



Page 6 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

Fi
rs

t 
A

ut
ho

r
Ye

ar
Co

un
tr

y
St

ud
y 

D
es

ig
n

Re
cr

ui
t-

m
en

t 
D

at
es

Fu
nd

in
g

St
ud

ie
d 

Po
pu

la
tio

n
D

ia
gn

os
tic

 
Cr

ite
ri

a
A

ge
 R

an
ge

In
cl

us
io

n 
Cr

ite
ri

a
Ex

cl
us

io
n 

Cr
ite

ri
a

N
um

be
r o

f 
Pa

rt
ic

ip
an

ts
M

al
e 

Fr
eq

ue
nc

y 
(%

)
Ag

ah
i 

A.
20

18
Ira

n
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

Ju
ne

 2
01

7 
to

 A
ug

us
t 

20
17

Su
pp

or
te

d 
by

 
G

ra
nt

 N
o.

 9
6,

04
2 

fro
m

 th
e 

D
ep

ut
y 

of
 R

es
ea

rc
h 

of
 

Ka
sh

an
 U

ni
ve

rs
ity

 
of

 M
ed

ic
al

 S
ci

-
en

ce
s (

KA
U

M
S)

Pa
tie

nt
s w

ith
 

Al
zh

ei
m

er
’s 

D
ise

as
e 

(A
D

) a
ge

d 
65

–9
0 

ye
ar

s 
re

sid
in

g 
in

 v
ar

io
us

 
w

el
fa

re
 o

r-
ga

ni
za

tio
ns

 
in

 Ir
an

Ba
se

d 
on

 
N

IN
D

S-
AD

RD
A 

cr
ite

ria
 a

nd
 

re
vi

se
d 

cr
ite

ria
 

fro
m

 th
e 

N
a-

tio
na

l I
ns

tit
ut

e 
on

 A
gi

ng
-

Al
zh

ei
m

er
’s 

As
so

ci
at

io
n

65
–9

0 
ye

ar
s 

ol
d

AD
 p

at
ie

nt
s 

di
ag

no
se

d 
ba

se
d 

on
 sp

ec
ifi

c 
cr

ite
ria

 
an

d 
co

nfi
rm

ed
 

w
ith

 Te
st

 Y
ou

r 
M

em
or

y 
(T

YM
) 

co
gn

iti
ve

 te
st

Pa
tie

nt
s w

ith
 m

et
ab

ol
ic

 
di

so
rd

er
s, 

ch
ro

ni
c 

in
fe

c-
tio

ns
, o

r o
th

er
 c

lin
ic

al
ly

 
re

le
va

nt
 d

iso
rd

er
s

48
Co

nt
ro

l 
gr

ou
p:

 
43

.5
%

, 
Pr

ob
io

tic
 

gr
ou

p:
 2

8%

Ak
h-

ga
rja

nd
 

C.

20
22

Ira
n

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d 

cl
in

ic
al

 tr
ia

l

O
ct

ob
er

 
20

21
 to

 
M

ar
ch

 
20

22

Su
pp

or
te

d 
by

 a
 

gr
an

t f
ro

m
 Te

hr
an

 
U

ni
ve

rs
ity

 o
f 

M
ed

ic
al

 S
ci

en
ce

s

Su
bj

ec
ts

 
w

ith
 

m
ild

 a
nd

 
m

od
er

at
e 

Al
zh

ei
m

er
’s 

D
ise

as
e 

(A
D

), 
ag

ed
 5

0–
90

 
ye

ar
s

N
IN

D
S-

AD
RD

A 
cr

ite
ria

 a
nd

 
N

at
io

na
l I

ns
ti-

tu
te

 o
n 

Ag
in

g 
Al

zh
ei

m
er

’s 
As

so
ci

at
io

n 
gu

id
el

in
es

50
–9

0 
ye

ar
s 

ol
d

Ag
ed

 5
0–

90
 y

ea
rs

, 
ab

ili
ty

 to
 to

le
ra

te
 

or
al

 m
ed

ic
at

io
n,

 
m

ild
 o

r m
od

er
-

at
e 

AD

Al
le

rg
y 

to
 p

ro
bi

ot
ic

 
su

pp
le

m
en

ts
, r

el
uc

ta
nc

e 
to

 c
on

tin
ue

 c
oo

pe
ra

tio
n,

 
dr

as
tic

 c
ha

ng
es

 in
 d

ie
t, 

in
fla

m
m

at
or

y 
di

se
as

es
, 

et
c.

90
33

.3
%

 
(1

6 
m

al
es

 
in

 e
ac

h 
gr

ou
p)

As
ao

ka
 

D
.

20
22

Ja
pa

n
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d 
cl

in
ic

al
 tr

ia
l

M
ar

ch
 

20
18

 to
 

Ju
ne

 2
02

0

Su
pp

or
te

d 
by

 
Ju

nt
en

do
 U

ni
ve

r-
sit

y 
an

d 
M

or
in

ag
a 

M
ilk

 In
du

st
ry

 C
o.

, 
Lt

d.

O
ld

er
 a

du
lts

 
ag

ed
 6

5–
88

 
ye

ar
s w

ith
 

su
sp

ec
te

d 
m

ild
 c

og
ni

-
tiv

e 
im

pa
ir-

m
en

t (
M

CI
)

Cl
in

ic
al

 c
rit

er
ia

 
of

 M
CI

 (D
SM

-5
) 

w
ith

 M
M

SE
 

sc
or

es
 b

e-
tw

ee
n 

22
 a

nd
 

26
 a

nd
 C

lin
ic

al
 

D
em

en
tia

 R
at

-
in

g 
(C

D
R)

 =
 0

.5

65
–8

8 
ye

ar
s 

ol
d 

(M
ea

n:
 

Pr
ob

io
tic

 
gr

ou
p 

77
.2

 
ye

ar
s, 

Pl
a-

ce
bo

 g
ro

up
 

78
.9

 y
ea

rs
)

Ag
ed

 6
5–

89
 

ye
ar

s, 
su

sp
ec

te
d 

M
CI

, m
em

or
y 

co
m

pl
ai

nt
s, 

M
M

SE
 

sc
or

es
 b

et
w

ee
n 

22
 a

nd
 2

6,
 a

nd
 

CD
R 

=
 0

.5

Se
ve

re
 d

ise
as

es
 (e

.g
., 

ce
re

br
ov

as
cu

la
r, 

he
ar

t, 
liv

er
), 

m
aj

or
 p

sy
ch

ia
tr

ic
 

di
so

rd
er

s, 
su

bs
ta

nc
e 

ab
us

e,
 c

og
ni

tiv
e 

im
pa

ir-
m

en
t d

ue
 to

 v
ita

m
in

 
de

fic
ie

nc
ie

s, 
pa

rt
ic

ip
at

io
n 

in
 o

th
er

 d
ru

g 
st

ud
ie

s

11
5

Pr
ob

i-
ot

ic
 g

ro
up

: 
47

.3
%

, 
Pl

ac
eb

o 
gr

ou
p:

 
41

.7
%

As
co

ne
 

L.
20

22
G

er
m

an
y

D
ou

bl
e-

bl
in

d,
 

ra
nd

om
iz

ed
-

co
nt

ro
lle

d 
tr

ia
l (

RC
T)

Ja
nu

ar
y 

20
18

 to
 

N
ov

em
be

r 
20

19

N
o 

sp
ec

ifi
c 

gr
an

t 
fro

m
 a

ny
 fu

nd
in

g 
ag

en
cy

, c
om

m
er

-
ci

al
 o

r n
ot

-fo
r-

pr
ofi

t s
ec

to
rs

H
ea

lth
y 

in
di

-
vi

du
al

s a
ge

d 
18

–4
0 

ye
ar

s, 
rig

ht
-h

an
de

d

N
/A

 (s
tu

dy
 

fo
cu

se
d 

on
 h

ea
lth

y 
in

di
vi

du
al

s)

18
–4

0 
ye

ar
s 

(M
ed

ia
n:

 P
ro

-
bi

ot
ic

 g
ro

up
 

24
.5

 y
ea

rs
, 

Pl
ac

eb
o 

gr
ou

p 
27

.0
 

ye
ar

s)

Ag
e 

18
–4

0 
ye

ar
s, 

rig
ht

-h
an

de
d

N
eu

ro
lo

gi
ca

l, 
m

en
ta

l, 
ch

ro
ni

c,
 o

r s
ev

er
e 

so
m

at
ic

 
di

so
rd

er
s, 

ve
ga

ni
sm

/
ve

ge
ta

ria
ni

sm
, r

ec
en

t 
an

tib
io

tic
 in

ta
ke

, c
on

-
sc

io
us

 p
ro

bi
ot

ic
 d

ie
t/

in
ta

ke
, l

ac
to

se
 in

to
le

ra
nc

e,
 

co
nc

ur
re

nt
 p

ar
tic

ip
at

io
n 

in
 a

 d
ru

g 
tr

ia
l

59
Pr

ob
io

tic
 

gr
ou

p:
 4

3%
, 

Pl
ac

eb
o 

gr
ou

p:
 4

5%

Ta
bl

e 
1 

Ch
ar

ac
te

ris
tic

s o
f i

nc
lu

de
d 

st
ud

ie
s



Page 7 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

Fi
rs

t 
A

ut
ho

r
Ye

ar
Co

un
tr

y
St

ud
y 

D
es

ig
n

Re
cr

ui
t-

m
en

t 
D

at
es

Fu
nd

in
g

St
ud

ie
d 

Po
pu

la
tio

n
D

ia
gn

os
tic

 
Cr

ite
ri

a
A

ge
 R

an
ge

In
cl

us
io

n 
Cr

ite
ri

a
Ex

cl
us

io
n 

Cr
ite

ri
a

N
um

be
r o

f 
Pa

rt
ic

ip
an

ts
M

al
e 

Fr
eq

ue
nc

y 
(%

)
A

zu
m

a 
N

.
20

23
Ja

pa
n

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

n-
tr

ol
le

d 
tr

ia
l

N
ot

 
sp

ec
ifi

ed
Su

pp
or

te
d 

by
 

Ez
ak

i G
lic

o 
Co

., 
Lt

d.

Ja
pa

ne
se

 
m

en
 a

nd
 

w
om

en
 

be
tw

ee
n 

50
 a

nd
 8

0 
ye

ar
s o

f a
ge

 
w

ith
 m

ild
 

co
gn

iti
ve

 
de

cl
in

e 
du

e 
to

 a
gi

ng

M
M

SE
-J

 sc
or

e 
of

 2
4 

or
 h

ig
he

r, 
M

oC
a-

J s
co

re
 

of
 1

7 
or

 h
ig

he
r, 

G
D

S-
S-

J s
co

re
 

of
 5

 o
r l

es
s

50
–8

0 
ye

ar
s 

ol
d

M
ild

 c
og

ni
tiv

e 
de

cl
in

e,
 su

bj
ec

tiv
e 

m
em

or
y 

lo
ss

, a
bi

l-
ity

 to
 c

on
se

nt

M
en

ta
l d

iso
rd

er
s, 

se
rio

us
 

di
se

as
es

, s
m

ok
er

s, 
he

av
y 

al
co

ho
l u

se
rs

, r
ec

en
t 

an
tib

io
tic

 u
se

, e
tc

.

80
N

ot
 sp

ec
i-

fie
d 

ex
pl

ic
-

itl
y 

fo
r e

ac
h 

gr
ou

p

Ba
rt

os
 

A.
20

23
Cz

ec
h 

Re
pu

bl
ic

D
ou

bl
e-

bl
in

d,
 

ra
nd

om
iz

ed
, 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

cl
in

ic
al

 
tr

ia
l w

ith
 

cr
os

s-
ov

er
 

de
sig

n

Ja
nu

ar
y 

20
21

 to
 

Ap
ril

 2
02

2

Su
pp

or
te

d 
by

 th
e 

M
in

ist
ry

 o
f I

nd
us

-
tr

y 
an

d 
Tr

ad
e 

(T
rio

 
pr

og
ra

m
 F

V4
00

32
) 

an
d 

th
e 

M
in

ist
ry

 
of

 H
ea

lth
, C

ze
ch

 
Re

pu
bl

ic

Co
m

m
un

ity
-

dw
el

lin
g 

ol
de

r a
du

lts
 

ag
ed

 5
5–

80
 

ye
ar

s w
ith

 
no

rm
al

 
or

 m
ild

ly
 

im
pa

ire
d 

co
gn

iti
on

N
or

m
al

 
co

gn
iti

on
 o

r 
m

ild
 c

og
ni

tiv
e 

im
pa

irm
en

t; 
no

 
sp

ec
ifi

c 
m

ed
i-

ca
l d

ia
gn

os
is 

pr
ov

id
ed

 b
e-

yo
nd

 c
og

ni
tiv

e 
st

at
us

55
–8

0 
ye

ar
s 

ol
d 

(M
ea

n 
ag

e:
 6

9 
ye

ar
s 

fo
r P

ro
bi

ot
ic

-
fir

st
 g

ro
up

, 
71

.5
 y

ea
rs

 fo
r 

Pl
ac

eb
o-

fir
st

 
gr

ou
p)

Ag
ed

 5
5–

80
 y

ea
rs

, 
Cz

ec
h 

as
 a

 n
at

iv
e 

la
ng

ua
ge

, p
re

-
se

rv
ed

 a
ct

iv
iti

es
 o

f 
da

ily
 li

vi
ng

, g
oo

d 
sig

ht
 a

nd
 h

ea
rin

g

D
ise

as
es

 o
f t

he
 d

ig
es

tiv
e 

tr
ac

t, 
ne

ur
ol

og
ic

al
 b

ra
in

 
di

se
as

es
, p

sy
ch

ia
tr

ic
 

di
se

as
es

 o
r t

re
at

m
en

t, 
on

co
lo

gi
ca

l d
ise

as
es

, 
re

ce
nt

 u
se

 o
f c

og
ni

tiv
e 

en
ha

nc
er

s o
r p

ro
bi

ot
ic

s 
w

ith
in

 3
 m

on
th

s

91
37

%
 in

 th
e 

Pr
ob

io
tic

-
fir

st
 g

ro
up

, 
44

%
 in

 th
e 

Pl
ac

eb
o-

fir
st

 g
ro

up

 B
en

to
n 

D
.

20
07

U
K 

(W
al

es
)

D
ou

bl
e-

bl
in

d,
 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

tr
ia

l 
w

ith
 ra

nd
om

 
al

lo
ca

tio
n

N
ot

 
sp

ec
ifi

ed
Fu

nd
ed

 b
y 

Ya
ku

lt,
 

Ja
pa

n
13

2 
he

al
th

y 
m

em
be

rs
 o

f 
th

e 
ge

ne
ra

l 
po

pu
la

tio
n,

 
m

ea
n 

ag
e 

61
.8

 y
ea

rs

Se
lf-

re
po

rt
ed

 
go

od
 h

ea
lth

, 
no

 d
ia

gn
os

is 
of

 d
ep

re
ss

io
n,

 
de

m
en

tia
, 

sc
hi

zo
ph

re
ni

a,
 

or
 si

gn
ifi

ca
nt

 
he

ar
t, 

lu
ng

, 
ki

dn
ey

, o
r l

iv
er

 
iss

ue
s

M
ea

n 
ag

e:
 

61
.8

 y
ea

rs
 

(R
an

ge
: 

48
–7

9 
ye

ar
s)

H
ea

lth
y 

in
di

vi
du

-
al

s w
ho

 d
id

 n
ot

 
co

ns
um

e 
yo

gu
rt

 
co

nt
ai

ni
ng

 li
ve

 
ba

ct
er

ia

D
ep

re
ss

io
n,

 d
em

en
tia

, 
sc

hi
zo

ph
re

ni
a,

 n
eu

ro
lo

gi
-

ca
l d

iso
rd

er
s, 

sig
ni

fic
an

t 
he

ar
t, 

lu
ng

, k
id

ne
y, 

or
 li

ve
r 

co
nd

iti
on

s, 
re

ce
nt

 m
al

ig
-

na
nc

y, 
un

st
ab

le
 d

ia
be

te
s 

or
 h

yp
ot

hy
ro

id
ism

, u
n-

co
nt

ro
lle

d 
hy

pe
rt

en
sio

n

13
2

39
%

 m
al

e 
(5

1 
m

al
es

, 
75

 fe
m

al
es

)

Ch
un

g 
Y.

20
14

Ko
re

a
D

ou
bl

e-
bl

in
d,

 
ra

nd
om

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l

N
ot

 
sp

ec
ifi

ed
Sp

on
so

re
d 

by
 

IL
D

O
N

G
 P

ha
rm

a-
ce

ut
ic

al
 C

o.
, L

td
.

47
 h

ea
lth

y 
ol

de
r a

du
lts

, 
ag

ed
 6

0–
75

 
ye

ar
s

M
M

SE
-K

 
sc

or
e 

≥
 2

4
60

–7
5 

ye
ar

s
Ex

pe
rie

nc
e 

us
in

g 
co

m
pu

te
rs

, 
ed

uc
at

io
n 

ab
ov

e 
m

id
dl

e 
sc

ho
ol

, 
w

ith
in

 ±
 3

0%
 o

f 
id

ea
l b

od
y 

w
ei

gh
t, 

un
de

rs
ta

nd
in

g 
of

 th
e 

st
ud

y 
ob

je
ct

iv
es

Ax
is 

I m
en

ta
l d

iso
rd

er
s, 

al
co

ho
l a

bu
se

 o
r d

ep
en

-
de

nc
e,

 g
as

tr
oi

nt
es

tin
al

 
di

se
as

e,
 si

gn
ifi

ca
nt

 n
eu

ro
-

lo
gi

ca
l o

r m
ed

ic
al

 il
ln

es
s-

es
, u

se
 o

f s
up

pl
em

en
ts

 o
r 

he
rb

al
 m

ed
ic

in
es

 d
ur

in
g 

th
e 

4 
w

ee
ks

 p
re

ce
di

ng
 

th
e 

st
ud

y, 
co

m
pl

ia
nc

e 
le

ss
 

th
an

 7
0%

47
55

.6
%

 m
al

e,
 

44
.4

%
 

fe
m

al
e

Ta
bl

e 
1 

(c
on

tin
ue

d)

 



Page 8 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

Fi
rs

t 
A

ut
ho

r
Ye

ar
Co

un
tr

y
St

ud
y 

D
es

ig
n

Re
cr

ui
t-

m
en

t 
D

at
es

Fu
nd

in
g

St
ud

ie
d 

Po
pu

la
tio

n
D

ia
gn

os
tic

 
Cr

ite
ri

a
A

ge
 R

an
ge

In
cl

us
io

n 
Cr

ite
ri

a
Ex

cl
us

io
n 

Cr
ite

ri
a

N
um

be
r o

f 
Pa

rt
ic

ip
an

ts
M

al
e 

Fr
eq

ue
nc

y 
(%

)
Cz

aj
ec

-
zn

y 
D

.
20

21
Po

la
nd

Ra
nd

om
iz

ed
, 

sin
gl

e-
bl

in
d,

 
pl

ac
eb

o-
co

n-
tr

ol
le

d 
tr

ia
l

O
ct

ob
er

 
20

18
 - 

Ju
ly

 
20

19

Su
pp

or
te

d 
by

 
Po

zn
an

 U
ni

ve
rs

ity
 

of
 M

ed
ic

al
 S

ci
-

en
ce

s g
ra

nt
 fo

r 
yo

un
g 

sc
ie

nt
ist

s

53
 h

ea
lth

y 
yo

un
g 

ad
ul

t 
w

om
en

, 
w

ith
 3

8 
co

m
pl

et
in

g 
th

e 
tr

ia
l

G
en

er
al

 h
ea

lth
 

in
fo

rm
at

io
n 

ob
ta

in
ed

 
du

rin
g 

in
iti

al
 

in
te

rv
ie

w
s

19
–3

1 
ye

ar
s 

(m
ea

n 
ag

e:
 

23
.4

7 
±

 4
.1

9 
fo

r s
up

pl
e-

m
en

ta
tio

n 
gr

ou
p,

 
23

.0
6 

±
 3

.1
1 

fo
r p

la
ce

bo
 

gr
ou

p)

Fe
m

al
e,

 e
xp

er
i-

en
ce

 u
sin

g 
co

m
pu

te
rs

, 
ed

uc
at

io
n 

ab
ov

e 
m

id
dl

e 
sc

ho
ol

, 
w

ith
in

 ±
 3

0%
 o

f 
id

ea
l b

od
y 

w
ei

gh
t, 

un
de

rs
ta

nd
in

g 
of

 
st

ud
y 

ob
je

ct
iv

es

G
as

tr
oe

nt
er

ic
, e

nd
oc

rin
e,

 
ne

ur
ol

og
ic

al
, o

r p
sy

ch
i-

at
ric

 d
iso

rd
er

s, 
an

tib
io

tic
 

tr
ea

tm
en

t u
p 

to
 3

 m
on

th
s 

pr
io

r t
o 

su
pp

le
m

en
ta

-
tio

n,
 c

ur
re

nt
 p

ro
bi

ot
ic

 
su

pp
le

m
en

ta
tio

n

53
N

ot
 a

p-
pl

ic
ab

le
 

(s
tu

dy
 o

nl
y 

in
cl

ud
ed

 
fe

m
al

es
)

Fe
i Y

.
20

23
Ch

in
a

Ra
nd

om
iz

ed
, 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

tr
ia

l

D
ec

em
be

r 
20

21
 - 

D
ec

em
be

r 
20

22

Su
pp

or
te

d 
by

 
Si

ch
ua

n 
Pr

ov
in

ci
al

 
Sc

ie
nc

e 
an

d 
Te

ch
no

lo
gy

 
D

ep
ar

tm
en

t, 
Si

-
ch

ua
n 

Tr
ad

iti
on

al
 

Ch
in

es
e 

M
ed

ic
in

e 
Ad

m
in

ist
ra

tio
n,

 
et

c.

42
 o

ld
er

 
ad

ul
ts

 
w

ith
 m

ild
 

co
gn

iti
ve

 
im

pa
irm

en
t 

(M
CI

), 
40

 
co

m
pl

et
ed

 
th

e 
st

ud
y

Pe
te

rs
en

 d
ia

g-
no

st
ic

 c
rit

er
ia

 
of

 M
CI

Av
er

ag
e 

ag
e:

 
76

.4
0 

ye
ar

s 
(p

ro
bi

ot
-

ic
s g

ro
up

), 
75

.3
0 

ye
ar

s 
(p

la
ce

bo
 

gr
ou

p)

Ag
ed

 o
ve

r 6
0 

ye
ar

s, 
m

ee
tin

g 
Pe

-
te

rs
en

 d
ia

gn
os

tic
 

cr
ite

ria
 fo

r M
CI

, 
no

 se
rio

us
 o

rg
an

 
dy

sf
un

ct
io

n,
 n

o 
ch

ro
ni

c 
di

se
as

e 
ex

ac
er

ba
tio

n,
 n

o 
vi

su
al

/h
ea

rin
g 

im
pa

irm
en

t

Pa
rt

ic
ip

at
io

n 
in

 o
th

er
 

cl
in

ic
al

 st
ud

ie
s, 

al
le

rg
ie

s t
o 

da
iry

 p
ro

du
ct

s

42
Pr

ob
io

t-
ic

s g
ro

up
: 

10
 m

al
es

, 
Pl

ac
eb

o 
gr

ou
p:

 1
1 

m
al

es

H
su

 Y.
20

23
Ta

iw
an

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
ac

tiv
e-

co
n-

tr
ol

le
d 

tr
ia

l

20
20

 to
 

20
22

Su
pp

or
te

d 
by

 a
 

gr
an

t f
ro

m
 G

la
c 

Bi
ot

ec
h 

Co
., L

td
., 

Ta
in

an
, T

ai
w

an

40
 p

ar
tic

i-
pa

nt
s w

ith
 

Al
zh

ei
m

er
’s 

de
m

en
tia

, a
ll 

un
de

rg
oi

ng
 

st
an

da
rd

 
tr

ea
t-

m
en

t w
ith

 
ac

et
yl

ch
o-

lin
es

te
ra

se
 

in
hi

bi
to

rs
 o

r 
m

em
an

tin
e

Ba
se

d 
on

 D
SM

-
V,

 N
IN

CD
S-

AD
RD

A,
 o

r 
N

I-A
AA

 (2
01

1)
 

gu
id

el
in

es
 fo

r 
Al

zh
ei

m
er

’s 
di

se
as

e

50
 to

 9
0 

ye
ar

s (
m

ea
n 

ag
e:

 tr
ea

t-
m

en
t g

ro
up

 
75

.4
 ±

 8
.0

 
ye

ar
s; 

co
n-

tr
ol

 g
ro

up
 

75
.8

 ±
 7

.3
 

ye
ar

s)

Cl
in

ic
al

ly
 d

ia
g-

no
se

d 
Al

zh
ei

m
er

’s 
de

m
en

tia
, a

ge
d 

50
–9

0,
 w

ith
 M

M
SE

 
sc

or
es

 b
et

w
ee

n 
10

 a
nd

 2
5,

 a
nd

 
CD

R 
sc

or
es

 o
f 0

.5
, 

1,
 o

r 2

D
em

en
tia

 o
th

er
 th

an
 A

l-
zh

ei
m

er
’s 

di
se

as
e,

 v
ita

m
in

 
B1

2 
de

fic
ie

nc
y, 

th
yr

oi
d 

fu
nc

tio
n 

ab
no

rm
al

iti
es

, 
se

ve
re

 o
rg

an
 d

ys
fu

nc
tio

n,
 

se
ve

re
 b

ra
in

 tr
au

m
a,

 p
sy

-
ch

ia
tr

ic
 d

iso
rd

er
s, 

et
c.

40
Co

nt
ro

l 
gr

ou
p:

 
8 

m
al

es
, 

Tr
ea

tm
en

t 
gr

ou
p:

 4
 

m
al

es

Yu
n-

H
a 

H
w

an
g

20
19

So
ut

h 
Ko

re
a

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d 

cl
in

ic
al

 tr
ia

l

N
ot

 
sp

ec
ifi

ed
Su

pp
or

te
d 

by
 

th
e 

Ko
re

a 
H

ea
lth

 
In

du
st

ry
 D

ev
el

op
-

m
en

t I
ns

tit
ut

e 
(K

H
ID

I)

10
0 

pa
r-

tic
ip

an
ts

 
w

ith
 m

ild
 

co
gn

iti
ve

 
im

pa
irm

en
t

M
ild

 c
og

ni
tiv

e 
im

pa
irm

en
t 

(M
CI

)

69
.2

 y
ea

rs
 

in
 p

la
ce

bo
 

gr
ou

p,
 6

8.
0 

ye
ar

s i
n 

D
W

20
09

 
gr

ou
p

N
ot

 sp
ec

ifi
ed

N
ot

 sp
ec

ifi
ed

10
0 

(5
0 

in
te

rv
en

tio
n,

 
50

 p
la

ce
bo

)

N
ot

 
sp

ec
ifi

ed

In
ou

e 
T.

20
18

Ja
pa

n
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

tr
ia

l

N
ot

 
sp

ec
ifi

ed
N

ot
 e

xp
lic

itl
y 

st
at

ed
El

de
rly

 
su

bj
ec

ts
N

ot
 sp

ec
ifi

ed
M

ea
n 

ag
e 

70
.3

 y
ea

rs
 

(±
 3

.1
)

N
ot

 sp
ec

ifi
ed

N
ot

 sp
ec

ifi
ed

38
 p

ar
tic

i-
pa

nt
s (

Pr
ob

i-
ot

ic
 g

ro
up

: 
20

, P
la

ce
bo

 
gr

ou
p:

 1
8)

Pr
ob

io
tic

 
gr

ou
p:

 3
5%

, 
Pl

ac
eb

o 
gr

ou
p:

 
38

.9
%

Ta
bl

e 
1 

(c
on

tin
ue

d)

 



Page 9 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

Fi
rs

t 
A

ut
ho

r
Ye

ar
Co

un
tr

y
St

ud
y 

D
es

ig
n

Re
cr

ui
t-

m
en

t 
D

at
es

Fu
nd

in
g

St
ud

ie
d 

Po
pu

la
tio

n
D

ia
gn

os
tic

 
Cr

ite
ri

a
A

ge
 R

an
ge

In
cl

us
io

n 
Cr

ite
ri

a
Ex

cl
us

io
n 

Cr
ite

ri
a

N
um

be
r o

f 
Pa

rt
ic

ip
an

ts
M

al
e 

Fr
eq

ue
nc

y 
(%

)
Ju

an
20

22
Ch

in
a

Ra
nd

om
ise

d,
 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

n-
tr

ol
le

d 
tr

ia
l

 1
 st

 M
ay

 
20

18
 to

 8
th

 
O

ct
ob

er
 

20
19

N
at

io
na

l N
at

ur
al

 
Sc

ie
nc

e 
Fo

un
da

-
tio

n 
of

 C
hi

na

Pa
tie

nt
s w

ith
 

br
ea

st
 c

an
-

ce
r (

St
ag

e 
I-I

II)

A
JC

C 
8t

h 
ed

i-
tio

n 
St

ag
e 

I-I
II

45
.3

1 
(S

D
 

8.
48

)
N

ew
ly

 d
ia

gn
os

ed
 

br
ea

st
 c

an
ce

r, 
ag

e 
20

–6
0 

ye
ar

s, 
w

ith
ou

t i
m

m
un

e 
di

se
as

es

H
ist

or
y 

of
 b

ra
in

 in
ju

ry
, 

ce
re

br
al

 h
ae

m
or

rh
ag

e,
 

st
ro

ke
, e

tc
.

16
2

N
ot

 
sp

ec
ifi

ed

Ju
ng

 P
20

19
Ko

re
a

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

nt
ro

lle
d 

st
ud

y

N
ot

 
sp

ec
ifi

ed
N

at
io

na
l R

es
ea

rc
h 

Fo
un

da
tio

n 
of

 
Ko

re
a

69
 p

ar
tic

i-
pa

nt
s, 

ag
ed

 
18

–6
5

N
on

e 
(H

ea
lth

y 
ad

ul
ts

)
31

.8
3 

±
 1

6.
32

 
ye

ar
s 

(P
la

ce
bo

), 
32

.8
6 

±
 1

7.
61

 
ye

ar
s (

FS
J)

H
ea

lth
y 

ad
ul

ts
, 

ag
ed

 1
8–

65
N

ot
 sp

ec
ifi

ed
69

 p
ar

-
tic

ip
an

ts
 

(P
la

ce
bo

: 3
6,

 
FS

J: 
33

)

N
ot

 
sp

ec
ifi

ed

Ke
lly

 J
20

17
Ire

la
nd

Ra
nd

om
iz

ed
, 

pl
ac

eb
o-

co
nt

ro
lle

d,
 

cr
os

s-
ov

er
 

de
sig

n

N
ot

 
sp

ec
ifi

ed
Sc

ie
nc

e 
Fo

un
da

-
tio

n 
Ire

la
nd

 (S
FI

)
29

 h
ea

lth
y 

m
al

e 
vo

lu
nt

ee
rs

N
on

e 
(H

ea
lth

y 
m

al
es

)
20

–3
3 

ye
ar

s
M

al
e 

pa
rt

ic
ip

an
ts

 
ag

ed
 b

et
w

ee
n 

18
–4

0 
ye

ar
s, 

ab
le

 
to

 sp
ea

k 
En

gl
ish

, 
in

 g
oo

d 
he

al
th

Si
gn

ifi
ca

nt
 a

cu
te

 o
r c

hr
on

-
ic

 il
ln

es
s, 

in
te

rfe
re

nc
e 

w
ith

 
st

ud
y 

ob
je

ct
iv

es

29
10

0%

Ki
ku

-
ch

i-
H

ay
-

ak
aw

a 
H

20
23

Ja
pa

n
D

ou
bl

e-
bl

in
d,

 
ra

nd
om

iz
ed

, 
cr

os
so

ve
r, 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

tr
ia

l

Au
gu

st
 to

 
D

ec
em

be
r 

20
21

Ya
ku

lt 
Ce

nt
ra

l 
In

st
itu

te
12

 h
ea

lth
y 

offi
ce

 
w

or
ke

rs

Sl
ee

p 
co

m
pl

ai
nt

s
40

–5
9 

ye
ar

s
H

ea
lth

y 
offi

ce
 

w
or

ke
rs

 w
ith

 
sle

ep
 c

om
pl

ai
nt

s

H
ist

or
y 

of
 sl

ee
p-

re
la

te
d 

ill
ne

ss
es

, s
m

ok
in

g,
 u

se
 o

f 
m

ed
ic

at
io

ns
 in

flu
en

ci
ng

 
sle

ep

12
5 

m
al

es
, 7

 
fe

m
al

es

Ki
m

 C
S

20
21

Re
pu

bl
ic

 o
f 

Ko
re

a
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d,
 

m
ul

tic
en

te
r 

tr
ia

l

M
ar

ch
 

20
18

 to
 

M
ar

ch
 

20
19

N
at

io
na

l R
es

ea
rc

h 
Fo

un
da

tio
n 

of
 

Ko
re

a

63
 h

ea
lth

y 
ol

de
r a

du
lts

 
(≥

 6
5 

ye
ar

s)

N
on

e 
(H

ea
lth

y 
ol

de
r a

du
lts

)
72

.0
0 

ye
ar

s 
(P

la
ce

bo
), 

71
.1

1 
ye

ar
s 

(P
ro

bi
ot

ic
s)

H
ea

lth
y 

ad
ul

ts
 

ag
ed

 6
5 

or
 o

ld
er

, 
ca

pa
bl

e 
of

 in
de

-
pe

nd
en

t l
iv

in
g

U
se

 o
f a

nt
ib

io
tic

s, 
an

ti-
in

fla
m

m
at

or
y 

m
ed

ic
a-

tio
ns

, o
r g

as
tr

oi
nt

es
tin

al
 

m
ed

ic
in

e 
in

 th
e 

pa
st

 3
 

m
on

th
s

63
 (P

la
ce

bo
: 

31
, P

ro
bi

ot
-

ic
s: 

32
)

N
ot

 
sp

ec
ifi

ed

Ko
-

ba
ya

sh
i 

Y

20
19

Ja
pa

n
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

tr
ia

l

N
ot

 
sp

ec
ifi

ed
W

ag
en

in
ge

n 
Ac

a-
de

m
ic

 P
ub

lis
he

rs
12

1 
el

de
rly

 
su

bj
ec

ts
 

w
ith

 
m

em
or

y 
co

m
pl

ai
nt

s

M
ild

 c
og

ni
tiv

e 
im

pa
irm

en
t

50
–8

0 
ye

ar
s

Ag
e 

50
–8

0 
ye

ar
s, 

M
M

SE
 sc

or
e 

22
–2

7

D
ia

gn
os

ed
 w

ith
 d

em
en

-
tia

, h
ist

or
y 

of
 p

sy
ch

ia
tr

ic
 

di
so

rd
er

s, 
m

aj
or

 su
rg

er
ie

s, 
or

 se
rio

us
 il

ln
es

se
s

12
1 

(B
. b

re
ve

 
A1

: 6
1,

 P
la

-
ce

bo
: 6

0)

50
%

 m
al

e

Le
e 

C
20

18
M

al
ay

sia
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d 
st

ud
y

N
ot

 
sp

ec
ifi

ed
Sc

ho
ol

 o
f I

nd
us

-
tr

ia
l T

ec
hn

ol
og

y, 
U

ni
ve

rs
iti

 S
ai

ns
 

M
al

ay
sia

10
3 

st
re

ss
ed

 
ad

ul
ts

PS
S-

10
 

qu
es

tio
nn

ai
re

31
.7

 ±
 1

1.
1 

ye
ar

s
Ad

ul
ts

 a
ge

d 
18

–6
0 

ye
ar

s, 
m

od
er

at
e 

st
re

ss
 

le
ve

ls

Se
ve

re
 il

ln
es

s, 
lo

ng
-t

er
m

 
m

ed
ic

at
io

n,
 H

IV
/A

ID
S,

 e
tc

.
10

3 
(P

8:
 5

2,
 

Pl
ac

eb
o:

 5
1)

N
ot

 
sp

ec
ifi

ed

Ta
bl

e 
1 

(c
on

tin
ue

d)

 



Page 10 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

Fi
rs

t 
A

ut
ho

r
Ye

ar
Co

un
tr

y
St

ud
y 

D
es

ig
n

Re
cr

ui
t-

m
en

t 
D

at
es

Fu
nd

in
g

St
ud

ie
d 

Po
pu

la
tio

n
D

ia
gn

os
tic

 
Cr

ite
ri

a
A

ge
 R

an
ge

In
cl

us
io

n 
Cr

ite
ri

a
Ex

cl
us

io
n 

Cr
ite

ri
a

N
um

be
r o

f 
Pa

rt
ic

ip
an

ts
M

al
e 

Fr
eq

ue
nc

y 
(%

)
M

o-
ha

m
-

m
ad

i 
A.

20
24

Ira
n

D
ou

bl
e-

bl
in

de
d,

 
ra

nd
om

iz
ed

 
co

nt
ro

lle
d 

tr
ia

l

D
ec

em
be

r 
20

21
 to

 
Ap

ril
 2

02
2

N
o 

fu
nd

in
g 

so
ur

ce
70

 sc
hi

zo
-

ph
re

ni
c 

pa
tie

nt
s 

ag
ed

 1
8–

65
 

ye
ar

s

D
SM

-5
 fo

r 
Sc

hi
zo

ph
re

ni
a

In
te

rv
en

-
tio

n 
gr

ou
p:

 
50

.2
9 

±
 9

.6
1 

ye
ar

s; 
Pl

a-
ce

bo
 g

ro
up

: 
52

.0
2 

±
 8

.3
2 

ye
ar

s

Ag
e 

18
–6

5 
ye

ar
s, 

ca
pa

ci
ty

 fo
r 

sig
ni

ng
 in

fo
rm

ed
 

co
ns

en
t, 

at
 le

as
t 

fif
th

-g
ra

de
 e

du
ca

-
tio

n,
 st

ab
le

 o
n 

ps
yc

ho
tr

op
ic

s f
or

 
at

 le
as

t 6
 m

on
th

s

H
ist

or
y 

of
 b

ra
in

 in
ju

ry
, 

he
ad

 tr
au

m
a,

 m
en

ta
l r

e-
ta

rd
at

io
n,

 P
ar

ki
ns

on
’s 

di
se

as
e,

 su
bs

ta
nc

e 
us

e,
 a

l-
le

rg
y 

to
 p

ro
bi

ot
ic

s, 
re

ce
nt

 
an

tib
io

tic
s u

se
, p

re
g-

na
nc

y, 
sig

ni
fic

an
t m

ed
ic

al
 

di
so

rd
er

s, 
ex

po
su

re
 to

 
w

ei
gh

t-
lo

ss
 m

ed
ic

in
es

70
 (P

ro
bi

ot
ic

: 
35

, P
la

ce
bo

: 
35

)

Pr
ob

i-
ot

ic
 g

ro
up

: 
73

.5
%

, 
Pl

ac
eb

o 
gr

ou
p:

 
71

.4
%

O
hs

a-
w

a 
K.

20
18

Ja
pa

n
Ra

nd
om

ise
d,

 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

tr
ia

l

Se
pt

em
be

r 
20

13
 to

 
M

ar
ch

 
20

14

As
ah

i G
ro

up
 H

ol
d-

in
gs

, L
td

.
61

 h
ea

lth
y 

Ja
pa

ne
se

 
m

en
 a

nd
 

w
om

en
 

ag
ed

 5
0–

70
 

ye
ar

s

Se
lf-

id
en

tifi
ed

 
fo

rg
et

fu
ln

es
s 

or
 fo

rg
et

fu
l-

ne
ss

 id
en

tifi
ed

 
by

 a
 c

lo
se

 
re

la
tiv

e

M
ea

n 
ag

e 
57

.8
 ±

 5
.9

 
ye

ar
s 

(P
la

ce
bo

), 
58

.5
 ±

 6
.5

 
ye

ar
s (

Te
st

 
gr

ou
p)

H
ea

lth
y 

m
id

dl
e-

ag
ed

 a
du

lts
 w

ith
 

fo
rg

et
fu

ln
es

s, 
ba

se
lin

e 
RB

AN
S 

sc
or

e 
of

 2
9–

52

M
ilk

 o
r s

oy
be

an
 a

lle
rg

y, 
hi

st
or

y 
of

 st
ro

ke
, s

ev
er

e 
ill

ne
ss

, e
xc

es
siv

e 
sm

ok
-

in
g,

 a
lc

oh
ol

 u
se

, d
ie

ta
ry

 
su

pp
le

m
en

t u
se

, e
tc

.

61
 (P

la
ce

bo
: 

30
, T

es
t: 

31
)

N
ot

 
sp

ec
ifi

ed

Ö
nn

in
g 

G
.

20
23

Ire
la

nd
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d,
 

pa
ra

lle
l-d

e-
sig

ne
d 

st
ud

y

Ju
ne

 2
02

1 
to

 M
ar

ch
 

20
22

Pr
ob

i A
B,

 L
un

d,
 

Sw
ed

en
12

9 
m

od
er

at
el

y 
st

re
ss

ed
 

su
bj

ec
ts

 
(a

ge
d 

21
–5

2 
ye

ar
s)

Pe
rc

ei
ve

d 
St

re
ss

 S
ca

le
 

(P
SS

) a
nd

 H
os

-
pi

ta
l A

nx
ie

ty
 

an
d 

D
ep

re
s-

sio
n 

Sc
al

e 
(H

AD
S)

M
ea

n 
ag

e:
 

35
.2

 y
ea

rs
PS

S 
sc

or
e 

be
-

tw
ee

n 
≥

 1
4 

an
d 

≤
 2

6,
 H

AD
S 

sc
or

e 
of

 ≤
 1

0

Ac
tiv

e 
IB

S,
 c

hr
on

ic
 in

te
st

i-
na

l d
ise

as
e,

 p
sy

ch
ia

tr
ic

 il
l-

ne
ss

, u
se

 o
f p

sy
ch

ot
ro

pi
cs

, 
or

 p
ro

hi
bi

te
d 

m
ed

ic
at

io
n

12
9 

(L
PH

EA
L9

: 
65

, P
la

ce
bo

: 
64

)

LP
H

EA
L9

: 
65

%
 

fe
m

al
e,

 P
la

-
ce

bo
: 6

7%
 

fe
m

al
e

Pa
pa

lin
i 

S.
20

18
Th

e 
N

et
he

rla
nd

s
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d,
 

be
tw

ee
n-

su
bj

ec
ts

 
in

te
rv

en
tio

n 
st

ud
y

N
ot

 
m

en
tio

ne
d

D
ut

ch
 M

in
ist

ry
 o

f 
Ec

on
om

ic
 A

ffa
irs

, 
W

in
cl

ov
e 

Pr
ob

io
t-

ic
s B

.V
., a

nd
 o

th
er

 
gr

an
ts

H
ea

lth
y 

fe
m

al
e 

vo
lu

nt
ee

rs
, 

ag
ed

 1
8–

40
, 

rig
ht

-h
an

d-
ed

, u
sin

g 
ho

rm
on

al
 

co
nt

ra
ce

p-
tiv

es
, B

M
I 

18
–2

5

N
o 

sp
ec

ifi
c 

di
se

as
e 

cr
i-

te
ria

, h
ea

lth
y 

pa
rt

ic
ip

an
ts

M
ea

n 
ag

e:
 

21
–2

2 
ye

ar
s

Fe
m

al
e,

 1
8–

40
 

ye
ar

s, 
rig

ht
-h

an
d-

ed
, B

M
I 1

8–
25

, 
us

in
g 

ho
rm

on
al

 
co

nt
ra

ce
pt

iv
es

H
ist

or
y 

of
 p

sy
ch

ia
tr

ic
, 

ne
ur

ol
og

ic
al

, g
as

tr
oi

nt
es

-
tin

al
, e

nd
oc

rin
e 

di
so

rd
er

s, 
m

ed
ic

at
io

n 
us

e,
 p

ro
bi

ot
ic

/
pr

eb
io

tic
 su

pp
le

m
en

ta
-

tio
n,

 sm
ok

in
g,

 re
ce

nt
 

an
tib

io
tic

 u
se

, l
ac

to
se

 
in

to
le

ra
nc

e,
 v

eg
an

 d
ie

t, 
hi

gh
 a

lc
oh

ol
 in

ta
ke

58
0

Ta
bl

e 
1 

(c
on

tin
ue

d)

 



Page 11 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

Fi
rs

t 
A

ut
ho

r
Ye

ar
Co

un
tr

y
St

ud
y 

D
es

ig
n

Re
cr

ui
t-

m
en

t 
D

at
es

Fu
nd

in
g

St
ud

ie
d 

Po
pu

la
tio

n
D

ia
gn

os
tic

 
Cr

ite
ri

a
A

ge
 R

an
ge

In
cl

us
io

n 
Cr

ite
ri

a
Ex

cl
us

io
n 

Cr
ite

ri
a

N
um

be
r o

f 
Pa

rt
ic

ip
an

ts
M

al
e 

Fr
eq

ue
nc

y 
(%

)
Ro

m
an

 
P.

20 19
Sp

ai
n

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o 
co

nt
ro

lle
d.

Fe
br

ua
ry

 
20

13
 to

 
M

ar
ch

 
20

16

Ca
rlo

s H
ea

lth
 In

-
st

itu
te

 II
I (

M
ad

rid
, 

Sp
ai

n)
 M

en
de

s 
S.

A.
 (L

ug
an

o,
 

Sw
itz

er
la

nd
) a

nd
 

Ac
tia

l p
ha

rm
ac

eu
-

tic
al

 L
D

A 
(F

un
ch

al
, 

Po
rt

ug
al

).

Pa
tie

nt
s w

ith
 

ci
rr

ho
sis

Ci
rr

ho
sis

 w
as

 
di

ag
no

se
d 

by
 

m
ea

ns
 o

f c
lin

i-
ca

l, 
an

al
yt

ic
al

, 
an

d 
ul

tr
as

o-
no

gr
ap

hi
c 

fin
di

ng
s o

r b
y 

liv
er

 b
io

ps
y.

M
ea

n 
ag

e 
65

.8
 y

ea
rs

 
(P

ro
bi

ot
ic

), 
64

.0
 y

ea
rs

 
(P

la
ce

bo
)

Pa
tie

nt
s w

ith
 

ci
rr

ho
sis

 w
ho

 
ex

pe
rie

nc
ed

 c
og

-
ni

tiv
e 

dy
sf

un
ct

io
n 

an
d/

or
 fa

lls
 d

ur
in

g 
th

e 
pr

ev
io

us
 y

ea
r. 

Co
gn

iti
ve

 d
ys

-
fu

nc
tio

n 
w

ith
 p

sy
-

ch
om

et
ric

 h
ep

at
ic

 
en

ce
ph

al
op

at
hy

 
sc

or
e 

(P
H

ES
) l

es
s 

th
an

 −
 4

H
os

pi
ta

liz
at

io
n 

du
rin

g 
th

e 
pr

ev
io

us
 m

on
th

, h
ep

at
o-

ce
llu

la
r c

ar
ci

no
m

a 
or

 a
ny

 
ot

he
r n

eo
pl

as
m

, m
an

ife
st

 
ac

ut
e 

or
 c

hr
on

ic
 h

ep
at

ic
 

en
ce

ph
al

op
at

hy
, n

eu
-

ro
lo

gi
ca

l d
ise

as
e,

 a
ct

iv
e 

al
co

ho
l c

on
su

m
pt

io
n 

(in
 

th
e 

pr
ev

io
us

 3
 m

on
th

s)
, 

cl
in

ic
al

ly
 si

gn
ifi

ca
nt

 c
og

ni
-

tiv
e 

im
pa

irm
en

t, 
in

ab
ili

ty
 

to
 p

er
fo

rm
 p

sy
ch

om
et

ric
 

te
st

s, 
se

ve
re

 c
om

or
bi

di
-

tie
s, 

lif
e 

ex
pe

ct
an

cy
 le

ss
 

th
an

 6
 m

on
th

s, 
an

y 
tr

ea
tm

en
t w

ith
 n

on
-

ab
so

rb
ab

le
 d

isa
cc

ha
rid

es
, 

la
xa

tiv
es

, a
nt

ib
io

tic
s a

nd
/

or
 a

nt
iv

ira
ls 

in
 th

e 
pr

ev
i-

ou
s 3

 m
on

th
s a

nd
 re

fu
sa

l 
to

 p
ar

tic
ip

at
e 

in
 th

e 
st

ud
y.

18
 (P

ro
bi

ot
ic

)
18

 (P
la

ce
bo

)
Pr

ob
i-

ot
ic

: 3
3.

3%
, 

Pl
ac

eb
o:

 
44

.4
%

Ro
m

an
 

P.
20

18
Sp

ai
n

Ra
nd

om
iz

ed
 

co
nt

ro
lle

d 
tr

ia
l

D
ec

em
be

r 
20

15
 to

 
Fe

br
ua

ry
 

20
16

Sp
an

ish
 M

in
ist

ry
 

of
 E

co
no

m
y 

an
d 

Co
m

pe
tit

iv
en

es
s, 

ER
D

F 
fu

nd
s, 

U
ni

-
ve

rs
ity

 o
f A

lm
er

ia

Pa
tie

nt
s w

ith
 

fib
ro

m
ya

lg
ia

Fi
br

om
ya

lg
ia

 
ac

co
rd

in
g 

to
 

th
e 

Am
er

ic
an

 
Co

lle
ge

 o
f 

Rh
eu

m
at

ol
og

y

M
ea

n 
ag

e 
55

.0
0 

ye
ar

s 
(P

ro
bi

ot
ic

), 
50

.2
7 

ye
ar

s 
(P

la
ce

bo
)

Fi
br

om
ya

lg
ia

 d
i-

ag
no

sis
, n

o 
se

ve
re

 
in

te
st

in
al

 d
ise

as
e,

 
no

 p
sy

ch
ia

tr
ic

 
di

so
rd

er
s

U
sin

g 
an

tib
io

tic
s, 

pr
eg

-
na

nt
, s

ev
er

e 
in

te
st

in
al

 
di

se
as

e

16
 (P

ro
bi

-
ot

ic
), 

15
 

(P
la

ce
bo

)

Pr
ob

i-
ot

ic
: 6

.2
5%

, 
Pl

ac
eb

o:
 

13
.3

3%

Ru
dz

ki
 

L.
20

18
Po

la
nd

D
ou

bl
e-

bl
in

d,
 

ra
nd

om
iz

ed
, 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

tr
ia

l

Ju
ne

 2
01

4 
to

 M
ar

ch
 

20
16

M
ed

ic
al

 U
ni

ve
r-

sit
y 

of
 B

ia
ly

st
ok

, 
Po

la
nd

Pa
tie

nt
s 

w
ith

 M
aj

or
 

D
ep

re
ss

iv
e 

D
iso

rd
er

 
(M

D
D

)

M
aj

or
 D

ep
re

s-
siv

e 
D

iso
rd

er
 

ac
co

rd
in

g 
to

 
D

SM
-IV

-R

M
ea

n 
ag

e 
38

.9
0 

ye
ar

s 
(P

la
ce

bo
), 

39
.1

3 
ye

ar
s 

(P
ro

bi
ot

ic
)

M
D

D
 d

ia
gn

os
is,

 
SS

RI
 tr

ea
tm

en
t, 

no
 in

fla
m

m
a-

to
ry

, a
ut

oi
m

m
un

e 
di

so
rd

er
s

In
fla

m
m

at
or

y, 
on

co
lo

gi
-

ca
l, 

au
to

im
m

un
e 

di
so

r-
de

rs
, p

sy
ch

ia
tr

ic
 d

ise
as

es
 

ot
he

r t
ha

n 
de

pr
es

sio
n,

 
su

bs
ta

nc
e 

ab
us

e,
 sm

ok
-

in
g,

 B
M

I <
 1

8.
5 

or
 >

 3
0

60
 (3

0 
Pr

ob
io

tic
, 3

0 
Pl

ac
eb

o)

33
.3

%
 

(P
la

ce
bo

), 
23

.3
%

 
(P

ro
bi

ot
ic

)

Ru
iz

-
G

on
za

-
le

z 
C.

20
24

Sp
ai

n
D

ou
bl

e-
bl

in
d,

 
ra

nd
om

iz
ed

, 
pl

ac
eb

o-
co

nt
ro

lle
d 

cr
os

so
ve

r t
ria

l

Ju
ly

 2
02

0 
to

 A
pr

il 
20

22

H
ea

lth
 R

es
ea

rc
h 

Ce
nt

er
 C

EI
N

SA
 

an
d 

U
ni

ve
rs

ity
 o

f 
Al

m
er

ía

H
ea

lth
y 

ol
de

r a
du

lts
 

ag
ed

 5
5 

ye
ar

s o
r 

ol
de

r

N
o 

se
ve

re
 

m
en

ta
l i

lln
es

s, 
M

M
SE

 sc
or

e 
ab

ov
e 

10

M
ea

n 
ag

e 
66

.2
2 

ye
ar

s
Ag

e 
55

 y
ea

rs
 o

r 
ol

de
r, 

vo
lu

nt
ar

y 
pa

rt
ic

ip
at

io
n

Se
ve

re
 m

en
ta

l i
lln

es
s, 

M
M

SE
 sc

or
e 

be
lo

w
 1

0,
 

m
ed

ic
at

io
ns

 a
ffe

ct
in

g 
co

gn
iti

on

33
 (2

7 
co

m
-

pl
et

ed
 th

e 
st

ud
y)

30
%

 m
al

e

Ta
bl

e 
1 

(c
on

tin
ue

d)

 



Page 12 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

Fi
rs

t 
A

ut
ho

r
Ye

ar
Co

un
tr

y
St

ud
y 

D
es

ig
n

Re
cr

ui
t-

m
en

t 
D

at
es

Fu
nd

in
g

St
ud

ie
d 

Po
pu

la
tio

n
D

ia
gn

os
tic

 
Cr

ite
ri

a
A

ge
 R

an
ge

In
cl

us
io

n 
Cr

ite
ri

a
Ex

cl
us

io
n 

Cr
ite

ri
a

N
um

be
r o

f 
Pa

rt
ic

ip
an

ts
M

al
e 

Fr
eq

ue
nc

y 
(%

)
Sa

ku
ra

i 
K.

20
22

Ja
pa

n
Ra

nd
om

iz
ed

, 
do

ub
le

-b
lin

d,
 

pl
ac

eb
o-

co
n-

tr
ol

le
d 

tr
ia

l

O
ct

ob
er

 
20

20
 to

 
M

ar
ch

 
20

21

M
ei

ji 
Co

., L
td

. 
an

d 
U

ni
ve

rs
ity

 o
f 

To
ky

o

O
ld

er
 a

du
lts

 
ag

ed
 6

5 
an

d 
ab

ov
e 

w
ith

 
de

cl
in

in
g 

m
em

or
y

Ea
rly

 m
em

or
y 

de
te

rio
ra

tio
n 

id
en

tifi
ed

 v
ia

 
M

CI
 S

cr
ee

n 
w

ith
 M

PI
 

sc
or

e 
<

 6
0

M
ea

n 
ag

e 
76

.8
 y

ea
rs

 
(A

ct
iv

e)
, 

76
.9

 y
ea

rs
 

(P
la

ce
bo

)

Ag
e 

65
 a

nd
 a

bo
ve

, 
ea

rly
 m

em
or

y 
de

cl
in

e,
 n

o 
se

rio
us

 
sy

st
em

ic
 il

ln
es

se
s

D
ia

gn
os

ed
 d

em
en

tia
, a

l-
le

rg
ie

s t
o 

da
iry

 p
ro

du
ct

s
81

 p
ar

-
tic

ip
an

ts
, 7

8 
co

m
pl

et
ed

 
(3

9 
Ac

tiv
e,

 
39

 P
la

ce
bo

)

46
%

 m
al

e 
(b

ot
h 

gr
ou

ps
)

Sa
n-

bo
rn

 V
.

20
20

U
SA

D
ou

bl
e-

bl
in

d,
 

pl
ac

eb
o-

co
nt

ro
lle

d,
 

ra
nd

om
iz

ed
 

cl
in

ic
al

 tr
ia

l

M
ay

 2
01

7 
to

 S
ep

te
m

-
be

r 2
01

9

i-H
ea

lth
, I

nc
., a

 
di

vi
sio

n 
of

 R
oy

al
 

D
SM

H
ea

lth
y 

m
id

dl
e-

ag
ed

 
an

d 
ol

de
r 

ad
ul

ts
 a

ge
d 

52
–7

5

Co
gn

iti
ve

 fu
nc

-
tio

n 
as

se
ss

ed
 

vi
a 

N
IH

 To
ol

bo
x 

Co
gn

iti
on

 
Ba

tt
er

y

M
ea

n 
ag

e 
64

.3
 y

ea
rs

 
(S

D
 =

 5
.5

2)

Ag
e 

52
–7

5,
 n

o 
de

ve
lo

pm
en

ta
l, 

ne
ur

ol
og

ic
al

, o
r 

se
ve

re
 p

sy
ch

ia
tr

ic
 

di
so

rd
er

Re
ce

nt
 u

se
 o

f a
nt

i-
bi

ot
ic

s, 
pr

eb
io

tic
s, 

or
 

pr
ob

io
tic

s, 
se

ve
re

 h
ea

rt
, 

liv
er

, k
id

ne
y 

iss
ue

s, 
im

m
un

os
up

pr
es

sio
n

14
5 

(P
ro

-
bi

ot
ic

 =
 7

7,
 

Pl
ac

eb
o 

=
 6

8)

Ap
pr

ox
i-

m
at

el
y 

40
%

 
m

al
e

Sc
hn

ei
-

de
r E

.
20

23
Sw

itz
er

la
nd

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

n-
tr

ol
le

d 
tr

ia
l

M
ar

ch
 

20
17

 to
 

Ja
nu

ar
y 

20
20

G
er

tr
ud

 
Th

al
m

an
n-

Fo
nd

s, 
Se

er
av

e 
Fo

un
da

-
tio

n,
 K

äm
pf

-
Bö

ts
ch

i S
tif

tu
ng

, 
Re

se
ar

ch
 F

un
d 

Ju
ni

or
 R

es
ea

rc
he

rs
 

of
 th

e 
U

ni
ve

rs
ity

 
of

 B
as

el

Pa
tie

nt
s 

w
ith

 M
aj

or
 

D
ep

re
ss

iv
e 

D
iso

rd
er

 
(M

D
D

)

IC
D

-1
0 

co
de

s 
F3

1.
3-

F3
4 

fo
r 

de
pr

es
siv

e 
ep

i-
so

de
s, 

H
AM

-D
 

sc
or

e 
>

 7

M
ea

n 
ag

e 
38

.5
6 

ye
ar

s 
(S

D
: 1

0.
71

)

Pr
im

ar
y 

di
ag

no
sis

 
of

 M
D

D
, H

AM
-D

 
sc

or
e 

>
 7

, o
ng

o-
in

g 
tr

ea
tm

en
t 

fo
r d

ep
re

ss
io

n,
 

no
 p

sy
ch

ia
tr

ic
 

co
m

or
bi

di
tie

s

Ps
yc

hi
at

ric
 c

om
or

bi
di

tie
s 

(e
.g

., s
ch

iz
op

hr
en

ia
, b

ip
o-

la
r d

iso
rd

er
, s

ub
st

an
ce

 u
se

 
di

so
rd

er
)

43
 (1

9 
Pr

ob
io

tic
, 2

4 
Pl

ac
eb

o)

26
%

 (P
ro

bi
-

ot
ic

), 
50

%
 

(P
la

ce
bo

)

Sh
i S

.
20

23
Ch

in
a

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

n-
tr

ol
le

d 
tr

ia
l

N
ot

 
ex

pl
ic

itl
y 

m
en

tio
ne

d

N
at

io
na

l K
ey

 R
&D

 
Pr

og
ra

m
 o

f C
hi

na
 

(g
ra

nt
 n

um
be

r 
20

21
YF

D
16

00
20

4)

H
ea

lth
y 

ol
de

r a
du

lts
 

ag
ed

 6
0–

75
 

ye
ar

s

M
oC

A 
sc

or
e 

in
di

ca
tiv

e 
of

 
he

al
th

y 
co

gn
i-

tiv
e 

fu
nc

tio
n

M
ea

n 
ag

e 
64

.1
0 

ye
ar

s 
(P

ro
bi

ot
ic

), 
64

.5
0 

ye
ar

s 
(P

la
ce

bo
)

Ag
e 

60
–7

5 
ye

ar
s, 

he
al

th
y 

co
gn

i-
tiv

e 
fu

nc
tio

n 
as

 
ju

dg
ed

 b
y 

M
oC

A

O
bv

io
us

 c
og

ni
tiv

e 
de

cl
in

e,
 A

lz
he

im
er

’s 
di

se
as

e,
 m

aj
or

 m
ed

ic
al

 
iss

ue
s, 

re
ce

nt
 a

nt
ib

io
tic

 o
r 

pr
ob

io
tic

 u
se

60
 p

ar
-

tic
ip

an
ts

 (5
0 

co
m

pl
et

ed
)

40
%

 (P
ro

bi
-

ot
ic

), 
43

%
 

(P
la

ce
bo

)

Ta
m

ta
ji 

O
.

20
19

Ira
n

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
co

nt
ro

lle
d 

tr
ia

l

D
ec

em
be

r 
20

17
 to

 
Ju

ly
 2

01
8

Ka
sh

an
 U

ni
ve

r-
sit

y 
of

 M
ed

ic
al

 
Sc

ie
nc

es

Pa
tie

nt
s w

ith
 

Al
zh

ei
m

er
’s 

D
ise

as
e 

(A
D

)

N
IN

D
S-

AD
RD

A 
cr

ite
ria

, r
ev

ise
d 

cr
ite

ria
 fr

om
 

th
e 

N
at

io
na

l 
In

st
itu

te
 o

n 
Ag

in
g-

Al
zh

ei
m

er
’s 

As
so

ci
at

io
n

55
 to

 1
00

 
ye

ar
s, 

no
 e

xa
ct

 
m

ea
n 

ag
e 

pr
ov

id
ed

Ag
e 

55
–1

00
 

ye
ar

s, 
di

ag
no

se
d 

w
ith

 A
lz

he
im

er
’s 

D
ise

as
e

M
et

ab
ol

ic
 sy

nd
ro

m
e,

 
di

ab
et

es
, c

ar
di

ov
as

cu
la

r 
di

se
as

e,
 c

hr
on

ic
 in

fe
c-

tio
ns

, p
rio

r p
ro

bi
ot

ic
/

sy
nb

io
tic

/a
nt

io
xi

da
nt

 
su

pp
le

m
en

t i
nt

ak
e

79
 (P

ro
bi

-
ot

ic
 +

 S
el

e-
ni

um
 =

 2
7,

 
Se

le
-

ni
um

 =
 2

6,
 

Pl
ac

eb
o 

=
 2

6)

N
ot

 
ex

pl
ic

itl
y 

m
en

tio
ne

d

Xi
ao

 J.
20

20
Ja

pa
n

Ra
nd

om
iz

ed
, 

do
ub

le
-b

lin
d,

 
pl

ac
eb

o-
co

n-
tr

ol
le

d 
tr

ia
l

Ju
ne

 to
 

Au
gu

st
 

20
19

M
or

in
ag

a 
M

ilk
 

In
du

st
ry

 C
o.

, L
td

.
O

ld
er

 a
du

lts
 

ag
ed

 5
0–

79
 

ye
ar

s w
ith

 
su

sp
ec

te
d 

M
CI

M
CI

 d
ia

gn
os

is,
 

M
M

SE
 sc

or
e 

of
 

22
 o

r m
or

e

61
.1

 y
ea

rs
 

(S
D

: 7
.2

)
Ag

e 
50

–7
9 

ye
ar

s, 
M

M
SE

 sc
or

e 
of

 2
2 

or
 m

or
e

D
ia

gn
os

ed
 w

ith
 d

em
en

-
tia

, u
nd

er
go

in
g 

ex
er

ci
se

 
or

 d
ie

t t
he

ra
py

, s
ig

ni
fic

an
t 

m
ed

ic
al

 h
ist

or
y

80
 p

ar
-

tic
ip

an
ts

 (4
0 

Pr
ob

io
tic

, 4
0 

Pl
ac

eb
o)

Pr
ob

io
tic

: 
47

.5
%

, P
la

-
ce

bo
: 5

0%

Ta
bl

e 
1 

(c
on

tin
ue

d)
 



Page 13 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

First 
Author

Year Intervention 
Content

Duration of 
Intervention

Frequency of 
Intervention

Co-Inter-
vention 
Content

Control Type Placebo Control 
Active

Adverse 
Event 
Measure

Agahi 
A.

2018 Probiotic supple-
mentation with 
capsules contain-
ing mixtures of 
Lactobacillus and 
Bifidobacterium 
species

12 weeks Daily No 
nutritional 
supple-
ments or 
changes 
in physical 
activity 
during the 
trial

Placebo-controlled Capsules con-
taining 500 mg 
maltodextrin

Not 
applicable

No 
significant 
adverse 
events 
reported

Akh-
gar-
jand C.

2022 Probiotic supple-
mentation with 
either Lactobacil-
lus rhamnosus 
HA-114 or 
Bifidobacterium 
longum R0175 
(each containing 
10^15 CFU)

12 weeks Twice daily None 
reported

Placebo-controlled Capsules con-
taining xylitol, 
maltodextrin, and 
malic acid

Not 
applicable

No serious 
adverse 
events 
reported

Asaoka 
D.

2022 Daily sachet con-
taining lyophilized 
Bifidobacterium 
breve MCC1274 
(2 × 10^10 CFU)

24 weeks Once daily None 
reported

Placebo-controlled Sachets contain-
ing maize starch 
(identical in 
appearance and 
weight to probi-
otic sachets)

Not 
applicable

No serious 
adverse 
events 
reported

Ascone 
L.

2022 Daily dose of 
multi-strain probi-
otic (Vivomixx®), 
4.4 g containing 
450 × 10^9 CFU of 
various bacterial 
strains

4 weeks Daily Participants 
instructed 
not to 
change 
their diet 
during the 
intervention

Placebo-controlled Commercially 
available baby 
milk powder 
(Bebivita® 
Anfangsmilch)

Not 
applicable

No 
significant 
adverse 
events 
reported

Azuma 
N.

2023 Dairy drink 
containing 
Bifidobacterium 
animalis subsp. 
lactis GCL2505 
(1 × 10^10 
CFU/100 g) 
and inulin 
(2.0 g/100 g)

12 weeks Once daily None 
reported

Placebo-controlled Dairy drink 
without active 
ingredients, 
matched for taste 
and appearance

Not 
applicable

No 
significant 
adverse 
events 
reported

Bartos 
A.

2023 Daily dose of pro-
biotics containing 
Streptococcus 
thermophilus GH, 
Streptococcus 
salivarius GH NEX-
ARS, Lactobacilus 
plantarum GH, 
Pediococcus pen-
tosaceus GH (106 
CFU) combined 
with prebiotics

3 months 
(followed by 
crossover to 
placebo for 
an additional 
3 months)

Once daily None 
reported

Placebo-controlled Tablets com-
posed of semi-
coarse wheat 
flour, starch, 
maltodextrin, 
and magnesium 
stearate

Not 
applicable

No 
significant 
adverse 
events 
reported

Benton 
D.

2007 Probiotic milk 
drink containing 
Lactobacillus 
casei Shirota 
(6.5 × 10^9 CFU)

3 weeks Daily None 
reported

Placebo-controlled Milk-based pla-
cebo without live 
bacteria

Not 
applicable

No 
significant 
adverse 
events 
reported

Table 2  Characteristics of interventions and control
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First 
Author

Year Intervention 
Content

Duration of 
Intervention

Frequency of 
Intervention

Co-Inter-
vention 
Content

Control Type Placebo Control 
Active

Adverse 
Event 
Measure

Chung 
Y.

2014 Fermented milk 
containing Lacto-
bacillus helveticus 
IDCC3801 (500, 
1000, or 2000 mg)

12 weeks Once daily None 
reported

Placebo-controlled Tablets without 
Lactobacillus hel-
veticus, identical 
in appearance to 
active tablets

Not 
applicable

No 
significant 
adverse 
events 
reported

Czajec-
zny D.

2021 Daily supple-
mentation with 
Bifidobacte-
rium lactis BS01 
(2 × 10^9 CFU) 
and Lactobacillus 
acidophilus LA02 
(2 × 10^9 CFU)

6 weeks Once daily None 
reported

Placebo-controlled Capsules filled 
with maltodex-
trin, identical in 
appearance to 
active capsules

Not 
applicable

No 
significant 
adverse 
events 
reported

Fei Y. 2023 Daily supplemen-
tation of 2 g pro-
biotics containing 
a mixture of 
strains, includ-
ing Lactobacillus 
plantarum, Lacto-
coccus lactis, etc.

12 weeks Once daily None 
reported

Placebo-controlled 2 g starch cap-
sules, identical in 
appearance to 
probiotics

Not 
applicable

No 
significant 
adverse 
events 
reported

Hsu Y. 2023 Probiotic capsules 
containing five 
strains (1 × 10^10 
CFU/capsule)

12 weeks Once daily None 
reported

Active control Not applicable 
(received probiot-
ics with a lower 
dose of 5 × 10^7 
CFU/capsule)

Lower 
dose of 
probiotics 
com-
pared to 
treatment 
group

No 
significant 
adverse 
events 
reported

Yun-Ha 
Hwang

2019 DW2009 (mixture 
of fermented 
soybean with 
Lactobacillus 
plantarum C29)

12 weeks Two capsules 
per day

Abstain 
from other 
nutritional 
supple-
ments

Placebo Cellulose 
capsules

Not 
applicable

Not 
specified

Inoue 
T.

2018 Sachet containing 
lyophilized pow-
der of Bifidobac-
terium strains

12 weeks Daily 12-week 
resistance-
training 
program

Placebo Sachet contain-
ing dextrin

Not 
specified

0

Juan 2022 Probiotics (three 
capsules, twice/
day) during 
chemotherapy

Throughout 
chemo-
therapy

Twice/day None 
specified

Placebo Yes None Not 
specified

Jung P 2019 Lactobacillus 
fermented Sac-
charina japonica 
extract (FSJ)

4 weeks Once a day None 
specified

Placebo Yes None Not 
specified

Kelly J 2017 Lactobacillus 
rhamnosus (JB-1)

8 weeks Once a day None 
specified

Placebo Yes None Not 
specified

Kiku-
chi-
Hay-
akawa 
H

2023 Lacticaseibacillus 
paracasei strain 
Shirota (LcS) in 
fermented milk

4 weeks Daily None 
specified

Placebo Yes None Wilcoxon 
rank sum 
test

Kim CS 2021 Probiotics con-
taining Bifidobac-
terium bifidum 
BGN4 and 
Bifidobacterium 
longum BORI

12 weeks Twice a day None 
specified

Placebo Yes None Not 
specified

Table 2  (continued) 
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First 
Author

Year Intervention 
Content

Duration of 
Intervention

Frequency of 
Intervention

Co-Inter-
vention 
Content

Control Type Placebo Control 
Active

Adverse 
Event 
Measure

Ko-
bayas-
hi Y

2019 Bifidobacterium 
breve A1 capsules

12 weeks Twice daily None 
specified

Placebo Yes None Wilcoxon 
rank sum 
test

Lee C 2018 Lactobacillus 
plantarum P8 (10 
log CFU daily)

12 weeks Daily None 
specified

Placebo Yes None Wilcoxon 
rank sum 
test

Mo-
ham-
madi A.

2024 Probiotic supple-
ment + 400 IU 
vitamin D per day

12 weeks Once per day None 
specified

Placebo Yes None Not 
specified

Ohsa-
wa K.

2018 Lactobacillus hel-
veticus-fermented 
milk containing 
lactononadeca-
peptide (2.4 mg 
per bottle)

8 weeks Once daily None 
specified

Placebo Yes None Student’s 
t-test, 
Wilcoxon 
signed-rank 
test

Ön-
ning 
G.

2023 Lactiplantibacillus 
plantarum HEAL9 
(LPHEAL9), 10B 
CFU per day

12 weeks Once daily None 
specified

Placebo Yes None Mixed 
two-way 
ANOVA, 
Mann-
Whitney U 
Test

Papali-
ni S.

2018 Multispe-
cies probiotic 
(Ecologic®Barrier)

28 days Once daily, 2 g 
of powder

Not 
applicable

Placebo Powder identical 
to the probiotic 
in appearance

Not 
applicable

Not 
mentioned

Roman 
P.

2019 Streptococcus ther-
mophilus, Bifido-
bacterium breve (B. 
breve), B. longum, 
B. infantis, Lacto-
bacillus paraca-
sei (L. paracasei), L. 
acidophilus. L. del-
brueckii subsp bul-
garicus, and L. 
plantarum

12 weeks Twice daily 
(every 12 h)

Not 
applicable

Placebo Contained 
maltose and 
silicon dioxide as 
inactive agents

Not 
applicable

Frequency 
and 
percentage

Roman 
P.

2018 Multispecies pro-
biotic (ERGYPHI-
LUS Plus)

8 weeks Twice daily 
(2 pills before 
breakfast and 
dinner)

Not 
applicable

Placebo Inert pills identi-
cal in appearance 
to probiotics

Not 
applicable

Not 
explicitly 
mentioned

Rudzki 
L.

2018 Lactobacillus 
Plantarum 299v 
(LP299)

8 weeks Twice daily (1 
capsule in the 
morning and 1 
at night)

Not 
applicable

Placebo Capsules contain-
ing crystalline cel-
lulose powder

Not 
applicable

Chi-square 
test

Ruiz-
Gonza-
lez C.

2024 Multispecies 
probiotic contain-
ing Lactobacillus 
rhamnosus and 
Bifidobacterium 
lactis

10 weeks Once daily Not 
applicable

Placebo Capsules contain-
ing potato starch

Not 
applicable

Not 
explicitly 
mentioned

Sakurai 
K.

2022 Heat-treated 
Lactiplantibacil-
lus plantarum 
OLL2712

12 weeks Once daily (1 g 
of powder)

Not 
applicable

Placebo Dextrin powder 
without OLL2712

Not 
applicable

No report-
ed harms or 
unintended 
effects

San-
born V.

2020 Lactobacillus 
rhamnosus GG, 
10 billion CFU

3 months Two capsules 
daily

Not 
applicable

Placebo Microcrystalline 
cellulose capsules 
identical in ap-
pearance to the 
probiotics

Not 
applicable

Chi-square 
test

Table 2  (continued) 
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Fig. 4  MMSE at 12 weeks

 

Fig. 3  MMSE at 8 weeks

 

Fig. 2  Risk of bias assessment of included trials

 

First 
Author

Year Intervention 
Content

Duration of 
Intervention

Frequency of 
Intervention

Co-Inter-
vention 
Content

Control Type Placebo Control 
Active

Adverse 
Event 
Measure

Schnei-
der E.

2023 Multistrain probi-
otic supplement 
containing 8 
different strains

4 weeks Once daily, 
900 billion 
CFU/d

Not 
applicable

Placebo Maltose powder 
without bacteria

Not 
applicable

No report-
ed harms or 
unintended 
effects

Shi S. 2023 Probiotic 
Bifidobacterium 
longum BB68S 
(5 × 10^10 CFU/
sachet)

8 weeks Once daily after 
lunch or dinner

Not 
applicable

Placebo Maltodextrin 
powder without 
probiotics

Not 
applicable

No 
significant 
differences 
in adverse 
effects 
between 
groups

Tamtaji 
O.

2019 Probiotic (L. aci-
dophilus, B. bifi-
dum, B. longum) 
and Selenium 
(200 mg/day)

12 weeks Daily Not 
applicable

Placebo Starch capsules, 
identical in 
appearance to 
supplements

Selenium-
only 
group

Not 
explicitly 
mentioned

Xiao J. 2020 Probiotic Bifido-
bacterium breve 
A1 (2 × 10^10 
CFU)

16 weeks Two capsules 
daily

Not 
applicable

Placebo Maize starch 
capsules

Not 
applicable

No adverse 
events 
reported

Table 2  (continued) 
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1.13 to −8.22; moderate evidence), while in people with 
cognitive impairment including Three RCTS [36, 49, 54], 
the results were uncertain (MD: 2.38; 95% CI: −1.46 to 
6.22; very low evidence). In healthy adults, including data 
from one RCT [26], no effect was observed (MD: 0.00; 
95% CI: −1.96 to 1.96; high evidence) (Supplemental Fig. 
1). Safety Outcomes.

The safety analysis included four RCTs [29, 34, 35, 52] 
with 325 participants. The relative risk of experiencing 
any adverse event was 0.91 (95% CI: 0.65 to 1.27), which 
translates to 24 fewer events per 1000 participants (95% 
CI: −93 to 72). The certainty of the evidence was very low 
(Fig. 7).

Sensitivity analysis
To assess the robustness of the findings, sensitivity 
analyses were conducted for MMSE at 8 and 12 weeks, 
as well as for MoCA at 12 weeks. The sensitivity analy-
sis for MMSE at 8 weeks confirmed no significant cogni-
tive improvement with probiotic supplementation, with 
a mean difference of −0.02 (95% CI: −0.69 to 0.65) and 
no observed heterogeneity (I² = 0.0%). For MMSE at 12 
weeks, the association between probiotic supplementa-
tion and cognitive improvement persisted, with a mean 
difference of 4.23 (95% CI: −0.87 2.77 to 6.23), low het-
erogeneity was observed and no evidence of heterogene-
ity across studies (I² = 0.0%). For MoCA at 12 weeks, the 
sensitivity analysis supported a mean difference of 1.21 
(95% CI: 0.06 to 2.36), with moderate heterogeneity (I² 
= 35.0%). These findings suggest that the primary results 
were robust, though the presence of moderate-to-high 
heterogeneity highlights the need for further research to 
explore potential sources of variability.

Heterogeneity metrics
Further analyses were conducted to evaluate the consis-
tency of the findings. For MMSE at 8 weeks, there was 
no observed heterogeneity (I² = 0.0%, τ² = 0, p = 0.4655), 
suggesting methodological consistency across stud-
ies. For MMSE at 12 weeks, the effect remained statisti-
cally significant, with a mean difference of 4.23 (95% CI: 
2.77 to 5.68), with no heterogeneity (I² = 80.0.0%, τ² = 0, 
p = 0.01). For MoCA at 12 weeks, the results remained 
stable across studies, with moderate heterogeneity (I² = 

35.0%, τ² = 0.3276, p = 0.2145). These findings indicate 
that while probiotics may have a potential effect on cog-
nitive function, the variability in study designs and probi-
otic interventions contributes to heterogeneity.

Discussion
In this systematic review and meta-analysis, we evaluated 
the efficacy and safety of probiotic supplementation on 
cognitive function. Our results demonstrated that pro-
biotics significantly improved cognitive function after 12 
weeks of treatment, although no notable improvement 
was observed at the 8-week mark. The primary outcomes 
showed that probiotics positively impacted cognitive per-
formance as measured by the MMSE, MoCA and Cogni-
tion CFT assessments.

While our results indicate statistically significant 
improvements in MMSE (MD 4.23; 95% CI [2.77, 5.68]) 
MoCA (MD 1.21; 95% CI [0.06, 2.36]) and CFT (MD 
3.94; 95% CI [3.20, 4.69]), it is critical to determine 
whether these changes translate into clinically meaning-
ful cognitive benefits. Previous research suggests that a 
minimal clinically important difference (MCID) for the 
MoCA ranges between 1.0 and 2.0 points, particularly in 
populations at risk of cognitive decline [56]. Given our 
observed effect size, the improvement in MoCA scores 
likely holds clinical relevance, although the certainty of 
evidence remains low.

For CFT, prior studies indicate that an increase of 
approximately 3–5 words in verbal fluency tasks can 
reflect a meaningful improvement in cognitive func-
tion, particularly in aging populations and individuals 
with mild cognitive impairment (MCI) [57]. Our findings 
align with this threshold, suggesting potential clinical 
significance. However, the heterogeneity of the included 
studies, variations in baseline cognitive function, and 
differences in intervention duration necessitate further 
exploration in well-controlled trials.

The results of the MMSE, MoCA, and Cognition CFT 
at 12 weeks of follow-up have low certainty and limited 
clinical applicability due to high imprecision and risk of 
bias in the studies, especially due to the small sample size.

Our findings align with previous research that sug-
gests a possible link between probiotics and cognitive 
improvements. The study by Mo et al. (2024), provided 

Fig. 5  MoCA test
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Fig. 6  Cognition CFT
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evidence that probiotics contributed to the improve-
ment of global cognitive function (SMD = 0.67; 95% CI, 
0.32, 1.02), recall/delayed memory (SMD = 0.67; 95% CI: 
0.32, 1.02), attention (SMD = 0.31; 95% CI: 0.04, 0.58) and 
visuospatial/constructional (SMD = 0.24; 95% CI: 0.06, 
0.42) cognitive domain in Alzheimer’s disease and mild 
cognitive impairment [10]. Similarly, the study by Liu, 
Probiotic supplementation exerted a highly significant 
effect on cognitive function among individuals with cog-
nitive impairment or Alzheimer’s disease (SMD = 1.34; 
95%CI, 0.51–2.16; P < 0.01). Conversely, in cognitively 
healthy individuals, probiotic supplementation appeared 
to have limited or no observable efficacy [5].

The methods in which probiotic supplementation influ-
ences cognitive function are explained by several routes. 
Studies have revealed a chronic neuroinflammatory state, 
marked by pro-inflammatory cytokine production, in AD 
patients [58]. This condition is thought to be connected to 
a persistent accumulation of Aβ in neurons. This neuro-
inflammation, which can impair neuronal activity, seems 
to be caused by dysbiosis, or an imbalance in the gut 
microbiota [59]. Consequently, adjuvant probiotic ther-
apy may maximize the therapeutic benefits of AD medi-
cines by preventing or maybe curing intestinal dysbiosis 
[60]. Probiotics influence cognitive performance in CFT 
through several mechanisms, such as modulation of the 
gut-brain axis, which influences cognitive performance 
through improved gut-brain communication; reduced 
inflammation, as memory and executive function, may be 
enhanced by the decreased brain and systemic inflamma-
tion; and production of neurotransmitters such as GABA 
and serotonin, which are related to language control and 
cognitive function. Finally, probiotics can improve mood 
and decrease anxiety, influencing the results of verbal flu-
ency exercises [61]. The microbiome extends its influence 
to the brain through a variety of pathways linking the gut 
to the central nervous system. Probiotics, types of live 
microorganism that benefit the host, have been shown 
to alleviate gastrointestinal disease, boost immunity, and 
treat neurological disorders [62]. The Categorical Fluency 
Test is beneficial in identifying cognitive impairment and 
dementia, including Alzheimer’s disease [42]. It is often 

used to assess executive functioning, semantic memory, 
and language skills.

Previous meta-analyses have examined the effects of 
probiotic supplementation on cognitive function, yet 
significant limitations persist in their methodologies 
and interpretations. Eastwood et al. (2021) reported 
that twenty-one out of thirty included studies reported 
improvements in at least one cognitive outcome mea-
sure, such as, long-term memory recall, spatial work-
ing memory, and language fluency, along with further 
enhancement in executive functioning and motor pro-
cessing speed. Also, in aging adults, reported enhance-
ment in delayed recall performance was measured by 
both the MMSE and the comprehensive cognitive assess-
ment battery [63]. Widyadharma et al. (2024) reported a 
notable enhancement of cognition, including linguistic 
abilities, memory retention, spatial reasoning, and atten-
tional as well as executive functioning with the probiotic 
group following the 12-week intervention [64]. 

The intestinal microbiota plays a crucial role in the 
development of Alzheimer’s disease through various 
biological mechanisms, including the initiation of neu-
roinflammatory processes, irregularities in beta-amyloid 
processing, abnormal phosphorylation of tau proteins, 
imbalances in neurotransmitter activity, and heightened 
oxidative damage. Disruptions in the microbial ecosys-
tem can lead to the dysfunction of these pathways and 
are linked to increased permeability of the blood-brain 
barrier, which facilitates inflammation in neural tissues 
and contributes to neuronal degeneration [65]. Baldi et 
al. (2021) highlighted potential benefits of probiotics on 
neuroinflammation and gut-brain axis modulation but 
acknowledged substantial heterogeneity due to variations 
in intervention duration, participant characteristics, and 
outcome measures [66].

A key controversy in this field revolves around the 
degree to which probiotic supplementation exerts clini-
cally meaningful cognitive benefits. Some studies suggest 
improvements in cognitive performance [6, 67], while 
others report null or inconsistent findings [68] (Supple-
mental Table 5). This inconsistency may stem from 
variations in probiotic formulations, host microbiota 

Fig. 7  Any adverse event
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interactions, and differences in baseline cognitive func-
tion across study populations.

Although the results indicate that probiotics reduced 
adverse effects but did not achieve statistical significance, 
some patients in the groups receiving probiotics in the 
studies had notable harms such as vertigo, tremor, com-
plications of cirrhosis (spontaneous bacterial peritonitis 
and grade 2 hepatic encephalopathy) or infections.

Another aspect to consider is that our study only 
included participants over 18 years of age because in 
this age group it is more common to develop cognitive 
impairment such as Alzheimer’s disease [69]. In addi-
tion, no significant improvements were observed in 
healthy adults compared to impaired adults. This dif-
ference suggests that age, together with baseline cogni-
tive status, could influence the response to probiotics, 
possibly due to changes in the microbiota and neuroin-
flammatory processes associated with aging [70]. These 
findings would indicate that caution should be taken in 
interpreting our results and that future studies with bet-
ter methodological quality should take these limitations 
into account when making recommendations.

Despite the positive findings, several limitations should 
be acknowledged. First, the heterogeneity among the 
studies, particularly regarding the probiotic strains 
used, dosage regimens, and participant characteristics, 
may have introduced variability in the results. Addition-
ally, some studies included in the review had concerns 
about randomization, blinding and number of the stud-
ies included, which could have impacted the internal 
validity and generalizability of the results. Although we 
conducted sensitivity analyses to account for these dif-
ferences, the overall effect sizes should be interpreted 
cautiously.

Other limitation is the small number of studies 
included in the meta-analyses and the impossibility of 
performing population-based subgroup analyses. In 
addition, the certainty of the evidence, assessed using the 
GRADE tool, was rated as low in most of the included 
studies (3 outcomes had very low certainty and 2 had low 
certainty). This is mainly due to methodological hetero-
geneity among the randomized controlled trials (RCTs), 
including differences in the probiotic strains used, the 
doses administered, the duration of treatment, and the 
tools used to assess cognitive function.

A meta-analysis in adults under 50 years of age was 
also not possible due to insufficient statistical data and 
the heterogeneity of the outcome measures.

Our study addresses several of these strengths, offer-
ing a more comprehensive and methodologically rigor-
ous synthesis of the evidence, following PISMA 2020 
guidelines and ensuring transparency with the registered 
protocol in PROSPERO. We use cochrane RoB 2.0 and 
GRADE framework to evaluate certainty of evidence.

Another notable strength of our study is the inclusion 
of a sensitivity analysis using a common-effect model, 
allowing us to assess the robustness of our findings under 
different analytical assumptions. Unlike previous meta-
analyses that did not adequately address strain hetero-
geneity, we attempted to standardize probiotic doses 
and categorize interventions based on strain-specific 
effects. Although a formal subgroup analysis could not 
be conducted due to the limited number of studies, our 
approach highlights the need for future trials to adopt 
more standardized probiotic interventions.

Furthermore, our study included a broader range of 
cognitive assessments, including MMSE, MoCA, and 
categorical fluency tests, providing a more comprehen-
sive evaluation of cognitive function. We also considered 
both efficacy and safety outcomes, addressing concerns 
regarding the clinical utility and potential risks of probi-
otic supplementation.

The safety profile of probiotics remains an area of active 
investigation, particularly in vulnerable populations. 
Our analysis showed no significant reduction in adverse 
events with probiotic supplementation (RR 0.91; 95% CI 
[0.65, 1.27]; Certainty of evidence (CoE) was very low), 
suggesting that probiotics neither increase nor decrease 
overall risk. However, this finding must be interpreted 
with caution given the variability in adverse event report-
ing across studies.

Known risks of probiotic use include infections, par-
ticularly in immunocompromised individuals, those with 
severe comorbidities, or patients with central venous 
catheters. While the included trials did not specifically 
stratify adverse events by patient risk category, prior 
systematic reviews have noted rare but serious compli-
cations, such as bacteremia and fungemia in immuno-
compromised hosts. Future studies should incorporate 
stratified safety analyses to determine whether specific 
subgroups face increased risks.

Further research is necessary to confirm the long-term 
effects of probiotics on cognitive function, particularly in 
diverse populations and with larger sample sizes. Future 
trials should aim for standardized protocols, including 
consistent probiotic strains and dosages, to reduce het-
erogeneity and improve study comparability. In addition, 
adjustment of dose-response relationships may be neces-
sary to mitigate this problem. Also, more extended fol-
low-up periods will be critical to assess the sustainability 
of cognitive improvements and the potential for probiot-
ics to prevent cognitive decline in the long term [71, 72].

Our findings are consistent with emerging evidence 
from recent clinical trials supporting the cognitive ben-
efits of probiotic supplementation in older adults. For 
example, a double-blind randomized controlled trial by 
Rahmani et al. demonstrated significant improvements 
in global cognitive performance and verbal memory 



Page 21 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

following a 12-week probiotic intervention in elderly 
individuals with mild cognitive impairment. These results 
further underscore the potential of gut-brain axis modu-
lation as a preventive or adjunctive strategy for cognitive 
decline in aging populations, although further large-scale 
and longer-term studies are warranted to confirm these 
effects and assess their durability over time [73].

In conclusion, our study provides evidence that pro-
biotics can positively influence cognitive function, espe-
cially after 12 weeks of supplementation, using MoCA 
test. However, due to the very low certainty found in the 
majority of outcomes, the evidence is uncertain, so our 
results should be interpreted with caution. In addition, 
more rigorous studies (larger clinical trials, standardized 
cognitive assessments, studies with longer follow-ups) 
are needed to confirm these findings and establish pro-
biotics as a viable intervention for cognitive impairment.

Abbreviations
MMSE	� Mini-mental state examination
MoCA	� Montreal cognitive assessment
CFT	� Categorical fluency test
RCT	� Randomized controlled trial
CFU	� Colony forming units
CoE	� Certainty of evidence

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​9​0​6​-​0​2​5​-​0​5​1​4​9​-​6.

Supplementary Material 1.

Acknowledgements
The authors thank the Clinical Research and Meta-analysis Network for their 
support during the study development.

Financial disclosures
No financial disclosures.

Clinical trial number
not applicable.

Authors’ contributions
Conceptualization, NDC, IMC, LLCF, DAG, HETC, CQV, PITB, ABP, JJB; 
methodology, JJB and CQV; software, JJB; validation, NDC, IMC, LLCF, DAG, 
HETC, CQV, PITB, ABP, JJB; formal analysis, NDC, IMC, LLCF, DAG, HETC, CQV, 
PITB, ABP, JJB; investigation, NDC, IMC, LLCF, DAG, HETC, CQV, PITB, ABP, JJB; 
resources, JJB; data curation, JJB; writing—original draft preparation, NDC, 
IMC, LLCF, DAG, HETC, CQV, PITB, ABP, JJB; writing—review and editing, NDC, 
IMC, LLCF, DAG, HETC, CQV, PITB, ABP, JJB; visualization, NDC, IMC, LLCF, DAG, 
HETC, CQV, PITB, ABP, JJB; supervision, JJB. All authors have read and agreed to 
the published version of the manuscript.

Funding
This research received no specific grant from any funding agency in the 
public, commercial, or not-for-profit sectors.

Data availability
All data generated or analyzed during this study are included in this published 
article and its supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 10 October 2024 / Accepted: 1 October 2025

References
1.	 Pais R, Ruano L, Carvalho P, Barros O. Global cognitive impairment prevalence 

and incidence in community dwelling older Adults-A systematic review. 
Geriatrics. 2020;5(4):84. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​g​​e​r​i​a​t​r​i​c​s​5​0​4​0​0​8​4.

2.	 Meyer K, Lulla A, Debroy K, Shikany JM, Yaffe K, Meirelles O, et al. Association 
of the gut microbiota with cognitive function in midlife. JAMA Netw Open. 
2022;5(2):e2143941. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​n​e​t​​w​o​r​k​​o​p​​e​n​.​2​0​2​1​.​4​3​9​4​1.

3.	 Matenchuk BA, Mandhane PJ, Kozyrskyj AL. Sleep, circadian rhythm, and gut 
microbiota. Sleep Med Rev. 2020;53:101340. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​s​m​r​v​.​2​0​
2​0​.​1​0​1​3​4​0.

4.	 Martin CR, Osadchiy V, Kalani A, Mayer EA. The Brain-Gut-Microbiome axis. 
Cell Mol Gastroenterol Hepatol. 2018;6(2):133–48. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​c​​
m​g​h​​.​2​0​1​​8​.​​0​4​.​0​0​3.

5.	 Herholz SC, Herholz RS, Herholz K. Non-pharmacological interventions and 
neuroplasticity in early stage alzheimer’s disease. Expert Rev Neurother. 
2013;13(11):1235–45. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​8​6​​/​1​​4​7​3​​7​1​7​​5​.​2​0​​1​3​​.​8​4​5​0​8​6.

6.	 Liu N, Yang D, Sun J, Li Y. Probiotic supplements are effective in people with 
cognitive impairment: a meta-analysis of randomized controlled trials. Nutr 
Rev. 2023;81(9):1091–104. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​n​​u​t​r​i​t​/​n​u​a​c​1​1​3.

7.	 Mayer EA, Nance K, Chen S. The Gut-Brain axis. Annu Rev Med. 2022;73:439–
53. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​4​6​​/​a​​n​n​u​​r​e​v​​-​m​e​d​​-​0​​4​2​3​2​0​-​0​1​4​0​3​2.

8.	 Zheng Y, Bonfili L, Wei T, Eleuteri AM. Understanding the Gut-Brain axis and 
its therapeutic implications for neurodegenerative disorders. Nutrients. 
2023;15(21):4631. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​5​2​1​4​6​3​1​.​9.

9.	 Mo R, Jiang M, Xu H, Jia R. Effect of probiotics on cognitive function in adults 
with mild cognitive impairment or alzheimer’s disease: A meta-analysis of 
randomized controlled trials. Med Clin. 2024;162(12):565–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​1​0​1​6​​/​j​​.​m​e​​d​c​l​​i​.​2​0​​2​4​​.​0​1​.​0​1​3.

10.	 Sánchez-de-Lara-Sánchez S, Sánchez-Pérez AM. Probiotics treatment can 
improve cognition in patients with mild cognitive impairment: A systematic 
review. J Alzheimers Dis. 2022;89(4):1173–91. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​2​3​3​​/​J​​A​D​-​2​2​
0​6​1​5.

11.	 Kovalová M, Gottfriedová N, Mrázková E, Janout V, Janoutová J. Cognitive 
impairment, neurodegenerative disorders, and olfactory impairment: A 
literature review. Otolaryngol Pol. 2024;78(2):1–17. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​5​6​0​4​​/​0​​1​
.​3​0​0​1​.​0​0​5​3​.​6​1​5​8.

12.	 Jia X, Wang Z, Huang F, Su C, Du W, Jiang H, Wang H, Wang J, Wang F, Su W, 
Xiao H, Wang Y, Zhang B. A comparison of the Mini-Mental state examination 
(MMSE) with the Montreal cognitive assessment (MoCA) for mild cognitive 
impairment screening in Chinese middle-aged and older population: a cross-
sectional study. BMC Psychiatry. 2021;21(1):485. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​
8​8​-​0​2​1​-​0​3​4​9​5​-​6.

13.	 Trzepacz PT, Hochstetler H, Wang S, Walker B, Saykin AJ, Alzheimer’s Disease 
Neuroimaging Initiative. Relationship between the Montreal cognitive assess-
ment and Mini-mental state examination for assessment of mild cognitive 
impairment in older adults. BMC Geriatr. 2015;15:107. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​
/​s​​1​2​8​7​7​-​0​1​5​-​0​1​0​3​-​3.

14.	 Quaranta D, Piccininni C, Caprara A, Malandrino A, Gainotti G, Marra C. 
Semantic relations in a categorical verbal fluency test: an exploratory investi-
gation in mild cognitive impairment. Front Psychol. 2019;10:2797. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​p​s​y​g​.​2​0​1​9​.​0​2​7​9​7.

15.	 Tsoi KKF, Chan JYC, Hirai HW, Wong SYS, Kwok TCY. Cognitive tests to 
detect dementia: A systematic review and Meta-analysis. JAMA Intern Med. 
2015;175(9):1450–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​1​​/​j​​a​m​a​​i​n​t​​e​r​n​m​​e​d​​.​2​0​1​5​.​2​1​5​2.

16.	 Barboza JJ, Chambergo-Michilot D, Velasquez-Sotomayor M, Silva-Rengifo C, 
Diaz-Arocutipa C, Caballero-Alvarado J, et al. Assessment and management 

https://doi.org/10.1186/s12906-025-05149-6
https://doi.org/10.1186/s12906-025-05149-6
https://doi.org/10.3390/geriatrics5040084
https://doi.org/10.1001/jamanetworkopen.2021.43941
https://doi.org/10.1016/j.smrv.2020.101340
https://doi.org/10.1016/j.smrv.2020.101340
https://doi.org/10.1016/j.jcmgh.2018.04.003
https://doi.org/10.1016/j.jcmgh.2018.04.003
https://doi.org/10.1586/14737175.2013.845086
https://doi.org/10.1093/nutrit/nuac113
https://doi.org/10.1146/annurev-med-042320-014032
https://doi.org/10.3390/nu15214631.9
https://doi.org/10.1016/j.medcli.2024.01.013
https://doi.org/10.1016/j.medcli.2024.01.013
https://doi.org/10.3233/JAD-220615
https://doi.org/10.3233/JAD-220615
https://doi.org/10.5604/01.3001.0053.6158
https://doi.org/10.5604/01.3001.0053.6158
https://doi.org/10.1186/s12888-021-03495-6
https://doi.org/10.1186/s12888-021-03495-6
https://doi.org/10.1186/s12877-015-0103-3
https://doi.org/10.1186/s12877-015-0103-3
https://doi.org/10.3389/fpsyg.2019.02797
https://doi.org/10.3389/fpsyg.2019.02797
https://doi.org/10.1001/jamainternmed.2015.2152


Page 22 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

of asymptomatic COVID-19 infection: A systematic review. Travel Med Infect 
Dis. 2021;41:102058. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​t​m​​a​i​d​​.​2​0​2​​1​.​​1​0​2​0​5​8.

17.	 Barboza JJ, Huamán MR, Melgar B, Diaz-Arocutipa C, Valenzuela-Rodriguez 
G, Hernandez AV. Efficacy of liraglutide in Non-Diabetic obese adults: A sys-
tematic review and Meta-Analysis of randomized controlled trials. J Clin Med. 
2022;11(11). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​j​​c​m​1​1​1​1​2​9​9​8.

18.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 
2019;366:l4898. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​3​6​​/​b​​m​j​.​l​4​8​9​8.

19.	 van Aert RCM, Jackson D. Multistep estimators of the between-study 
variance: the relationship with the Paule-Mandel estimator. Stat Med. 
2018;37(17):2616–29. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​s​​i​m​.​7​6​6​5.

20.	 IntHout J, Ioannidis JPA, Borm GF. The Hartung-Knapp-Sidik-Jonkman method 
for random effects meta-analysis is straightforward and considerably out-
performs the standard DerSimonian-Laird method. BMC Med Res Methodol. 
2014;14(1):25. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​1​​4​7​1​-​2​2​8​8​-​1​4​-​2​5.

21.	 Guyatt GH, Oxman AD, Schünemann HJ, Tugwell P, Knottnerus A. GRADE 
guidelines: A new series of articles in the journal of clinical epidemiology. J 
Clin Epidemiol. 2011;64(4):380–2. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​c​​l​i​n​​e​p​i​.​​2​0​​1​0​.​0​9​.​0​1​
1.

22.	 Benton D, Williams C, Brown A. Impact of consuming a milk drink containing 
a probiotic on mood and cognition. Eur J Clin Nutr. 2007;61(3):355–61. ​h​t​t​p​​s​:​/​​
/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​j​.​e​j​c​n​.​1​6​0​2​5​4​6.

23.	 Chung Y-C, Jin H-M, Cui Y, Kim DS, Jung JM, Park J-I, et al. Fermented milk of 
Lactobacillus helveticus IDCC3801 improves cognitive functioning during 
cognitive fatigue tests in healthy older adults. J Funct Foods. 2014;10:465–74. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​j​f​f​.​2​0​1​4​.​0​7​.​0​0​7.

24.	 Kelly JR, Allen AP, Temko A, Hutch W, Kennedy PJ, Farid N, et al. Lost in 
translation? The potential psychobiotic Lactobacillus rhamnosus (JB-1) fails 
to modulate stress or cognitive performance in healthy male subjects. Brain 
Behav Immun. 2017;61:50–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​b​b​i​.​2​0​1​6​.​1​1​.​0​1​8.

25.	 Agahi A, Hamidi GA, Daneshvar R, Hamdieh M, Soheili M, Alinaghipour A, 
et al. Does severity of alzheimer’s disease contribute to its responsiveness 
to modifying gut microbiota? A double blind clinical trial. Front Neurol. 
2018;9:662. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​e​u​r​.​2​0​1​8​.​0​0​6​6​2.

26.	 Inoue T, Kobayashi Y, Mori N, Sakagawa M, Xiao JZ, Moritani T, et al. Effect of 
combined bifidobacteria supplementation and resistance training on cogni-
tive function, body composition and bowel habits of healthy elderly subjects. 
Benef Microbes. 2018;9(6):843–53. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​9​2​0​​/​b​​m​2​0​1​7​.​0​1​9​3.

27.	 Ohsawa K, Nakamura F, Uchida N, Mizuno S, Yokogoshi H. Lactobacillus 
helveticus-fermented milk containing lactononadecapeptide (NIPPLTQTPV-
VVPPFLQPE) improves cognitive function in healthy middle-aged adults: 
a randomised, double-blind, placebo-controlled trial. Int J Food Sci Nutr. 
2018;69(3):369–76. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​0​​9​6​3​​7​4​8​​6​.​2​0​​1​7​​.​1​3​6​5​8​2​4.

28.	 Roman P, Estévez AF, Miras A, Sánchez-Labraca N, Cañadas F, Vivas AB, et al. A 
pilot randomized controlled trial to explore cognitive and emotional effects 
of probiotics in fibromyalgia. Sci Rep. 2018;8(1):10965. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​
/​s​​4​1​5​9​8​-​0​1​8​-​2​9​3​8​8​-​5.

29.	 Hwang YH, Park S, Paik JW, Chae SW, Kim DH, Jeong DG, et al. Efficacy and 
safety of Lactobacillus plantarum C29-Fermented soybean (DW2009) in 
individuals with mild cognitive impairment: A 12-Week, Multi-Center, Ran-
domized, Double-Blind, Placebo-Controlled clinical trial. Nutrients. 2019;11(2). ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​1​0​2​0​3​0​5.

30.	 Jung Park H, Shim HS, Lee GR, Yoon KH, Ho Kim J, Lee J-M, et al. A random-
ized, double-blind, placebo-controlled study on the memory-enhancing 
effect of Lactobacillus fermented Saccharina Japonica extract. Eur J Integr 
Med. 2019;28:39–46. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​u​​j​i​m​​.​2​0​1​​9​.​​0​4​.​0​0​6.

31.	 Kobayashi Y, Kuhara T, Oki M, Xiao JZ. Effects of bifidobacterium Breve 
A1 on the cognitive function of older adults with memory complaints: 
a randomised, double-blind, placebo-controlled trial. Benef Microbes. 
2019;10(5):511–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​9​2​0​​/​b​​m​2​0​1​8​.​0​1​7​0.

32.	 Lee LC, Hor YY, Yusoff NAA, Choi SB, Yusoff MSB, Roslan NS, et al. Probiotic 
Lactobacillus plantarum P8 alleviated stress and anxiety while enhancing 
memory and cognition in stressed adults: A randomised, double-blind, 
placebo-controlled study. Clin Nutr. 2019;38(5):2053–64. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​
1​6​​/​j​​.​c​l​n​u​.​2​0​1​8​.​0​9​.​0​1​0.

33.	 Papalini S, Michels F, Kohn N, Wegman J, van Hemert S, Roelofs K, et al. Stress 
matters: randomized controlled trial on the effect of probiotics on neurocog-
nition. Neurobiol Stress. 2019;10:100141. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​y​n​​s​t​r​​.​2​0​1​​8​.​​
1​0​0​1​4​1.

34.	 Román E, Nieto JC, Gely C, Vidal S, Pozuelo M, Poca M, et al. Effect of a 
multistrain probiotic on cognitive function and risk of falls in patients with 

cirrhosis: A randomized trial. Hepatol Commun. 2019;3(5):632–45. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​0​2​​/​h​​e​p​4​.​1​3​2​5.

35.	 Rudzki L, Ostrowska L, Pawlak D, Małus A, Pawlak K, Waszkiewicz N, et al. Pro-
biotic Lactobacillus plantarum 299v decreases kynurenine concentration and 
improves cognitive functions in patients with major depression: A double-
blind, randomized, placebo controlled study. Psychoneuroendocrinology. 
2019;100:213–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​p​s​​y​n​e​​u​e​n​.​​2​0​​1​8​.​1​0​.​0​1​0.

36.	 Tamtaji OR, Heidari-Soureshjani R, Mirhosseini N, Kouchaki E, Bahmani F, 
Aghadavod E, et al. Probiotic and selenium co-supplementation, and the 
effects on clinical, metabolic and genetic status in alzheimer’s disease: A 
randomized, double-blind, controlled trial. Clin Nutr. 2019;38(6):2569–75. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​l​n​u​.​2​0​1​8​.​1​1​.​0​3​4.

37.	 Sanborn V, Azcarate-Peril MA, Updegraff J, Manderino L, Gunstad J. Random-
ized clinical trial examining the impact of Lactobacillus rhamnosus GG 
probiotic supplementation on cognitive functioning in Middle-aged and 
older adults. Neuropsychiatr Dis Treat. 2020;16:2765–77. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​
4​7​​/​n​​d​t​.​S​2​7​0​0​3​5.

38.	 Xiao J, Katsumata N, Bernier F, Ohno K, Yamauchi Y, Odamaki T, et al. Probiotic 
bifidobacterium Breve in improving cognitive functions of older adults with 
suspected mild cognitive impairment: A Randomized, Double-Blind, Placebo-
Controlled trial. J Alzheimers Dis. 2020;77(1):139–47. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​2​3​3​​/​j​​
a​d​-​2​0​0​4​8​8.

39.	 Kim CS, Cha L, Sim M, Jung S, Chun WY, Baik HW, et al. Probiotic supplementa-
tion improves cognitive function and mood with changes in gut microbiota 
in Community-Dwelling older adults: A Randomized, Double-Blind, Placebo-
Controlled, multicenter trial. J Gerontol Biol Sci Med Sci. 2021;76(1):32–40. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​g​​e​r​o​n​a​/​g​l​a​a​0​9​0.

40.	 Akhgarjand C, Vahabi Z, Shab-Bidar S, Etesam F, Djafarian K. Effects of probi-
otic supplements on cognition, anxiety, and physical activity in subjects with 
mild and moderate alzheimer’s disease: A randomized, double-blind, and 
placebo-controlled study. Front Aging Neurosci. 2022;14:1032494. ​h​t​t​p​​s​:​/​​/​d​o​i​​
.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​a​g​i​.​2​0​2​2​.​1​0​3​2​4​9​4.

41.	 Asaoka D, Xiao J, Takeda T, Yanagisawa N, Yamazaki T, Matsubara Y, et al. Effect 
of probiotic bifidobacterium Breve in improving cognitive function and pre-
venting brain atrophy in older patients with suspected mild cognitive impair-
ment: results of a 24-Week Randomized, Double-Blind, Placebo-Controlled 
trial. J Alzheimers Dis. 2022;88(1):75–95. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​2​3​3​​/​j​​a​d​-​2​2​0​1​4​8.

42.	 Ascone L, Garcia Forlim C, Gallinat J, Kühn S. Effects of a multi-strain probiotic 
on hippocampal structure and function, cognition, and emotional well-being 
in healthy individuals: a double-blind randomised-controlled trial. Psychol 
Med. 2022;6:1–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​7​​/​s​​0​0​3​3​2​9​1​7​2​2​0​0​0​9​8​8.

43.	 Juan Z, Chen J, Ding B, Yongping L, Liu K, Wang L, et al. Probiotic supplement 
attenuates chemotherapy-related cognitive impairment in patients with 
breast cancer: a randomised, double-blind, and placebo-controlled trial. Eur J 
Cancer. 2022;161:10–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​e​j​c​a​.​2​0​2​1​.​1​1​.​0​0​6.

44.	 Sakurai K, Toshimitsu T, Okada E, Anzai S, Shiraishi I, Inamura N, et al. Effects of 
Lactiplantibacillus plantarum OLL2712 on memory function in older adults 
with declining memory: A randomized Placebo-Controlled trial. Nutrients. 
2022;14(20). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​4​2​0​4​3​0​0.

45.	 Shi S, Zhang Q, Sang Y, Ge S, Wang Q, Wang R, et al. Probiotic bifidobacte-
rium longum BB68S improves cognitive functions in healthy older adults: A 
Randomized, Double-Blind, Placebo-Controlled trial. Nutrients. 2022;15(1). ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​5​0​1​0​0​5​1.

46.	 Azuma N, Mawatari T, Saito Y, Tsukamoto M, Sampei M, Iwama Y. Effect of 
continuous ingestion of bifidobacteria and dietary fiber on improvement in 
cognitive function: A Randomized, Double-Blind, Placebo-Controlled trial. 
Nutrients. 2023;15(19). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​5​1​9​4​1​7​5.

47.	 Bartos A, Weinerova J, Diondet S. Effects of human probiotics on memory 
and psychological and physical measures in community-dwelling older 
adults with normal and mildly impaired cognition: results of a bi-center, 
double-blind, randomized, and placebo-controlled clinical trial (CleverAge 
biota). Front Aging Neurosci. 2023;15:1163727. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​a​g​i​.​
2​0​2​3​.​1​1​6​3​7​2​7.

48.	 Czajeczny D, Kabzińska K, Wójciak RW. Effects of bifidobacterium lactis BS01 
and Lactobacillus acidophilus LA02 on cognitive functioning in healthy 
women. Appl Neuropsychol Adult. 2023;30(5):552–60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​
0​​/​2​​3​2​7​​9​0​9​​5​.​2​0​​2​1​​.​1​9​6​7​1​5​5.

49.	 Fei Y, Wang R, Lu J, Peng S, Yang S, Wang Y, et al. Probiotic intervention 
benefits multiple neural behaviors in older adults with mild cognitive impair-
ment. Geriatr Nurs. 2023;51:167–75. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​g​e​​r​i​n​​u​r​s​e​​.​2​​0​2​3​.​
0​3​.​0​0​6.

https://doi.org/10.1016/j.tmaid.2021.102058
https://doi.org/10.3390/jcm11112998
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1002/sim.7665
https://doi.org/10.1186/1471-2288-14-25
https://doi.org/10.1016/j.jclinepi.2010.09.011
https://doi.org/10.1016/j.jclinepi.2010.09.011
https://doi.org/10.1038/sj.ejcn.1602546
https://doi.org/10.1038/sj.ejcn.1602546
https://doi.org/10.1016/j.jff.2014.07.007
https://doi.org/10.1016/j.jff.2014.07.007
https://doi.org/10.1016/j.bbi.2016.11.018
https://doi.org/10.3389/fneur.2018.00662
https://doi.org/10.3920/bm2017.0193
https://doi.org/10.1080/09637486.2017.1365824
https://doi.org/10.1038/s41598-018-29388-5
https://doi.org/10.1038/s41598-018-29388-5
https://doi.org/10.3390/nu11020305
https://doi.org/10.3390/nu11020305
https://doi.org/10.1016/j.eujim.2019.04.006
https://doi.org/10.3920/bm2018.0170
https://doi.org/10.1016/j.clnu.2018.09.010
https://doi.org/10.1016/j.clnu.2018.09.010
https://doi.org/10.1016/j.ynstr.2018.100141
https://doi.org/10.1016/j.ynstr.2018.100141
https://doi.org/10.1002/hep4.1325
https://doi.org/10.1002/hep4.1325
https://doi.org/10.1016/j.psyneuen.2018.10.010
https://doi.org/10.1016/j.clnu.2018.11.034
https://doi.org/10.1016/j.clnu.2018.11.034
https://doi.org/10.2147/ndt.S270035
https://doi.org/10.2147/ndt.S270035
https://doi.org/10.3233/jad-200488
https://doi.org/10.3233/jad-200488
https://doi.org/10.1093/gerona/glaa090
https://doi.org/10.1093/gerona/glaa090
https://doi.org/10.3389/fnagi.2022.1032494
https://doi.org/10.3389/fnagi.2022.1032494
https://doi.org/10.3233/jad-220148
https://doi.org/10.1017/s0033291722000988
https://doi.org/10.1016/j.ejca.2021.11.006
https://doi.org/10.3390/nu14204300
https://doi.org/10.3390/nu15010051
https://doi.org/10.3390/nu15010051
https://doi.org/10.3390/nu15194175
https://doi.org/10.3389/fnagi.2023.1163727
https://doi.org/10.3389/fnagi.2023.1163727
https://doi.org/10.1080/23279095.2021.1967155
https://doi.org/10.1080/23279095.2021.1967155
https://doi.org/10.1016/j.gerinurse.2023.03.006
https://doi.org/10.1016/j.gerinurse.2023.03.006


Page 23 of 23Calzada-Gonzales et al. BMC Complementary Medicine and Therapies          (2025) 25:432 

50.	 Hsu YC, Huang YY, Tsai SY, Kuo YW, Lin JH, Ho HH, et al. Efficacy of Probiotic 
Supplements on Brain-Derived Neurotrophic Factor, Inflammatory Biomark-
ers, Oxidative Stress and Cognitive Function in Patients with Alzheimer’s 
Dementia: A 12-Week Randomized, Double-Blind Active-Controlled Study. 
Nutrients. 2023;16(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​6​0​1​0​0​1​6.

51.	 Kikuchi-Hayakawa H, Ishikawa H, Suda K, Gondo Y, Hirasawa G, Nakamura H, 
et al. Effects of Lacticaseibacillus paracasei strain Shirota on daytime perfor-
mance in healthy office workers: A Double-Blind, Randomized, Crossover, 
Placebo-Controlled trial. Nutrients. 2023;15(24). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​u​1​5​
2​4​5​1​1​9.

52.	 Önning G, Montelius C, Hillman M, Larsson N. Intake of Lactiplantibacillus 
plantarum HEAL9 improves cognition in moderately stressed subjects: A 
randomized controlled study. Nutrients. 2023;15(15). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​
n​​u​1​5​1​5​3​4​6​6.

53.	 Schneider E, Doll JPK, Schweinfurth N, Kettelhack C, Schaub AC, Yaman-
baeva G, et al. Effect of short-term, high-dose probiotic supplementation 
on cognition, related brain functions and BDNF in patients with depression: 
a secondary analysis of a randomized controlled trial. J Psychiatry Neurosci. 
2023;48(1):E23–33. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​5​0​3​​/​j​​p​n​.​2​2​0​1​1​7.

54.	 Mohammadi A, Sadighi G, Nazeri Astaneh A, Tajabadi-Ebrahimi M, Dejam T. 
Co-administration of probiotic and vitamin D significantly improves cognitive 
function in schizophrenic patients: A double-blinded randomized controlled 
trial. Neuropsychopharmacol Rep. 2024;44(2):389–98. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​
/​n​​p​r​2​.​1​2​4​3​1.

55.	 Ruiz-Gonzalez C, Cardona D, Rueda-Ruzafa L, Rodriguez-Arrastia M, Ropero-
Padilla C, Roman P. Cognitive and emotional effect of a Multi-species 
probiotic containing Lactobacillus rhamnosus and bifidobacterium lactis in 
healthy older adults: A Double-Blind randomized Placebo-Controlled cross-
over trial. Probiotics Antimicrob Proteins. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​2​6​0​
2​-​0​2​4​-​1​0​3​1​5​-​2.

56.	 Nasreddine ZS, Phillips NA, Bédirian V, Charbonneau S, Whitehead V, Collin 
I, Cummings JL, Chertkow H. The Montreal cognitive Assessment, moca: 
a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. 
2005;53(4):695–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​1​1​​/​j​​.​1​5​​3​2​-​​5​4​1​5​​.​2​​0​0​5​.​5​3​2​2​1​.​x.

57.	 Tombaugh TN, Kozak J, Rees L. Normative data stratified by age and educa-
tion for two measures of verbal fluency: FAS and animal naming. Arch Clin 
Neuropsychol. 1999;14(2):167–77.

58.	 Naomi R, Embong H, Othman F, Ghazi HF, Maruthey N, Bahari H. Probiotics for 
Alzheimer’s Disease. Syst Rev Nutrients. 2021;14(1). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​n​​
u​1​4​0​1​0​0​2​0.

59.	 Mincic AM, Antal M, Filip L, Miere D. Modulation of gut Microbiome in the 
treatment of neurodegenerative diseases: A systematic review. Clin Nutr. 
2024;43(7):1832–49. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​l​n​u​.​2​0​2​4​.​0​5​.​0​3​6.

60.	 Barrio C, Arias-Sánchez S, Martín-Monzón I. The gut microbiota-brain axis, 
psychobiotics and its influence on brain and behaviour: A systematic review. 
Psychoneuroendocrinology. 2022;137:105640. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​p​s​​y​n​
e​​u​e​n​.​​2​0​​2​1​.​1​0​5​6​4​0.

61.	 Naspolini NF, Schüroff PA, Figueiredo MJ, Sbardellotto GE, Ferreira FR, Fatori 
D, et al. The gut Microbiome in the first one thousand days of neurodevel-
opment: A systematic review from the Microbiome perspective. Microorg. 
2024;12(3). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​m​​i​c​r​​o​o​r​​g​a​n​i​​s​m​​s​1​2​0​3​0​4​2​4.

62.	 Hutchinson AN, Bergh C, Kruger K, Sűsserová M, Allen J, Améen S, et al. The 
effect of probiotics on health outcomes in the elderly: A systematic review of 

Randomized, Placebo-Controlled studies. Microorg. 2021;9(6). ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​3​3​9​0​​/​m​​i​c​r​​o​o​r​​g​a​n​i​​s​m​​s​9​0​6​1​3​4​4.

63.	 Eastwood J, Walton G, Van Hemert S, Williams C, Lamport D. The effect of pro-
biotics on cognitive function across the human lifespan: a systematic review. 
Neurosci Biobehav Rev. 2021;128:311–27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​e​​u​b​i​​o​r​e​v​​
.​2​​0​2​1​.​0​6​.​0​3​2.

64.	 Widyadharma IPE, Hendellyn A, de Liyis BG, Putri NLPSW, Indrayani AW, Dar-
winata AE, Sujaya IN. The effects of probiotic supplementation on cerebral 
cognitive function: a systematic review. Egypt J Neurol Psychiatry Neurosurg. 
2024;60:65. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​8​6​​/​s​​4​1​9​8​3​-​0​2​4​-​0​0​8​4​0​-​w.

65.	 Naomi R, Embong H, Othman F, Ghazi HF, Maruthey N, Bahari H. Probiotics for 
alzheimer’s disease. Syst Rev Nutrients. 2021;14(1):20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​
/​n​​u​1​4​0​1​0​0​2​0.

66.	 Baldi S, Mundula T, Nannini G, Amedei A. Microbiota shaping — the effects of 
probiotics, prebiotics, and fecal microbiota transplant on cognitive functions: 
A systematic review. World J Gastroenterol. 2021;27(39):6715–32. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​3​7​4​8​​/​w​​j​g​.​v​2​7​.​i​3​9​.​6​7​1​5.

67.	 Kou J, Kang H, Hu L, Wang D, Wang S, Wang Q, Yang Z. Evaluation of improve-
ment of cognitive impairment in older adults with probiotic supplementa-
tion: A systematic review and meta-analysis. Geriatr Nurs. 2023;54:155–62. ​h​t​t​
p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​g​e​​r​i​n​​u​r​s​e​​.​2​​0​2​3​.​0​9​.​0​0​9. 

68.	 Tahmasbi F, Mirghafourvand M, Shamekh A, Mahmoodpoor A, Sanaie S. 
Effects of probiotic supplementation on cognitive function in elderly: A 
systematic review and Meta-analysis. Aging Ment Health. 2022;26(9):1778–86. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​3​6​0​​7​8​6​​3​.​2​0​​2​1​​.​1​9​6​6​7​4​3.

69.	 Li X, Feng X, Sun X, Hou N, Han F, Liu Y. Global, regional, and National burden 
of alzheimer’s disease and other dementias, 1990–2019. Front Aging Neuro-
sci. 2022;14:937486. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​n​a​g​i​.​2​0​2​2​.​9​3​7​4​8​6.

70.	 Khan R, Di Gesù CM, Lee J, McCullough LD. The contribution of age-related 
changes in the gut-brain axis to neurological disorders. Gut Microbes. 
2024;16(1):2302801. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​8​0​​/​1​​9​4​9​​0​9​7​​6​.​2​0​​2​4​​.​2​3​0​2​8​0​1.

71.	 Floyd NA, Dominguez-Cancino KA, Butler LG, Rivera-Lozada O, Leyva-Moral 
JM, Palmieri PA. The effectiveness of care bundles including the braden scale 
for preventing hospital acquired pressure ulcers in older adults hospitalized 
in ICUs: a systematic review. Article. Open Nurs J. 2021;15(1):74–84. ​h​t​t​p​​s​:​/​​/​d​o​
i​​.​o​​r​g​/​​1​0​.​​2​1​7​4​​/​1​​8​7​4​​4​3​4​​6​0​2​1​​1​5​​0​1​0​0​7​4.

72.	 Lozada-Urbano M, Huamán F, Xirinachs Y, Rivera-Lozada O, Alvarez-Risco A, 
Yáñez JA. Poverty, household structure and consumption of foods away from 
home in Peru in 2019: a cross-sectional study. Article. Foods. 2022;11(17)2547. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​f​​o​o​d​s​1​1​1​7​2​5​4​7.

73.	 Rahmani J, Moradi S, Varkaneh HK, Clark CCT, Amini A, Ranjbar G. The effects 
of probiotic supplementation on cognitive function and mood in the elderly 
with mild cognitive impairment: a randomized, double-blind, placebo-
controlled study. Ther Adv Neurol Disord. 2023;15:17562864231170533. ​h​t​t​p​s​:​​​
/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​1​​​7​7​​/​1​7​5​6​2​8​6​4​2​3​1​1​7​0​5​3​3.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3390/nu16010016
https://doi.org/10.3390/nu15245119
https://doi.org/10.3390/nu15245119
https://doi.org/10.3390/nu15153466
https://doi.org/10.3390/nu15153466
https://doi.org/10.1503/jpn.220117
https://doi.org/10.1002/npr2.12431
https://doi.org/10.1002/npr2.12431
https://doi.org/10.1007/s12602-024-10315-2
https://doi.org/10.1007/s12602-024-10315-2
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.3390/nu14010020
https://doi.org/10.3390/nu14010020
https://doi.org/10.1016/j.clnu.2024.05.036
https://doi.org/10.1016/j.psyneuen.2021.105640
https://doi.org/10.1016/j.psyneuen.2021.105640
https://doi.org/10.3390/microorganisms12030424
https://doi.org/10.3390/microorganisms9061344
https://doi.org/10.3390/microorganisms9061344
https://doi.org/10.1016/j.neubiorev.2021.06.032
https://doi.org/10.1016/j.neubiorev.2021.06.032
https://doi.org/10.1186/s41983-024-00840-w
https://doi.org/10.3390/nu14010020
https://doi.org/10.3390/nu14010020
https://doi.org/10.3748/wjg.v27.i39.6715
https://doi.org/10.3748/wjg.v27.i39.6715
https://doi.org/10.1016/j.gerinurse.2023.09.009
https://doi.org/10.1016/j.gerinurse.2023.09.009
https://doi.org/10.1080/13607863.2021.1966743
https://doi.org/10.1080/13607863.2021.1966743
https://doi.org/10.3389/fnagi.2022.937486
https://doi.org/10.1080/19490976.2024.2302801
https://doi.org/10.2174/1874434602115010074
https://doi.org/10.2174/1874434602115010074
https://doi.org/10.3390/foods11172547
https://doi.org/10.3390/foods11172547
https://doi.org/10.1177/17562864231170533
https://doi.org/10.1177/17562864231170533

	﻿Efficacy and safety of probiotic supplements on cognitive function: a systematic review and meta-analysis of randomized clinical trials
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Search strategy
	﻿Eligibility criteria
	﻿Outcomes
	﻿Data extraction
	﻿Risk of bias assessment
	﻿Data synthesis
	﻿GRADE assessment

	﻿Results
	﻿Selection of studies
	﻿Characteristics of included studies
	﻿Summary of results and certainty of evidence
	﻿Sensitivity analysis
	﻿Heterogeneity metrics

	﻿Discussion
	﻿References


